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The 2014 Virginia Energy Plan set the goal of 25% of the energy produced in the state to 
be derived from renewable resources by 2025. Wind energy is one of the most prominent 
renewable resources in the state, with a potential wind capacity of approximately 1800 MW. The 
Virginia Department of Mines Minerals and Energy (DMME) looks to incentivize both small-
scale and commercial renewable energy projects. As a result of this policy initiative and the 
competitiveness of renewable energy, the Center for Wind Energy (CWE) at James Madison 
University established the Distributed Wind Assistance Program (DWAP).  
This honors project serves one student’s Honors College requirement as an additional 
feasibility study to a team-based capstone project in fulfillment of the Department of Integrated 
Science and Technology requirement. Previous student efforts identified four potential sites 
through an application and ranking process. The potential sites include Bradford Bay Farms, the 
Chesapeake Bay Foundation at Port Isobel, Fancy Gap Elementary School, and Prince William 
County Landfill. Through CWE’s DWAP, our team conducted site-specific technical wind data 
analyses and financial cost-benefit analyses for turbine deployment, as well as stakeholder 
engagement through site visits and other communications. This honors project presents an 
additional feasibility study into turbine deployment at the Chesapeake Bay Foundation at Port 
Isobel in Tangier Proper, VA. The purpose of the feasibility study is to identify potential 
environmental, societal, and logistical challenges to wind turbine implementation at the site. 
Extensive analysis was conducted for this study including geospatial analysis, historical census 






































































































Abbreviation  Term 
CBF  Chesapeake Bay Foundation 
CWE  Center for Wind Energy 
CW  Community Wind 
DMME  Department of Mines, Minerals, and Energy 
DWAP  Distributed Wind Assistance Program 
GEE  Google Earth Engine 
USGS  U.S. Geological Survey 
NASA  National Aeronautics and Space Administration 
NOAA  National Oceanic and Atmospheric Administration 
TOA  Top-of-atmosphere 
TM  Thematic Mapper 
ETM+  Enhanced Thematic Mapper Plus 
OLI  Operational Land Imager 
µm  Micrometer 
km  Kilometer 
ACS  American Community Survey 
GEE  Google Earth Engine 
USCB  United States Census Bureau 





 Port Isobel is a residential educational center owned by the non-profit, Chesapeake Bay 
Foundation located east of Tangier Island in Accomack County, VA. Port Isobel is a 250-acre 
island, and acts as the southernmost point between the Tangier Sound and the Chesapeake Bay 
proper (Chesapeake Bay Foundation, n.d.). A meteorological tower was installed in 2009 by the 
CWE, and has collected 10-minute averaged wind data to present day. The wind resource has 
been analyzed and offers a substantial resource; it would support the installation of one or more 
wind turbines on the order of 100 kW. The proximity of Port Isobel to Tangier Island offers the 
possibility of exporting a large portion of wind power produced across to the township as the 
creation of Virginia’s first community wind (CW) project. While there is enormous potential in 
terms of the viability of a project on Port Isobel, there are substantial challenges associated with 
such a project. Thus, it is essential to analyze extensively these potential challenges in the 
development phase of the project in order to identify and mitigate risks associated with turbine 
deployment. 
Goals 
 The purpose of this feasibility study was to identify challenges and risks associated with 
turbine deployment on Port Isobel. An initial analysis was conducted to identify key challenges 
and risks associated with the environment. Because of the low elevation levels of Port Isobel and 
Tangier Island, the risk of sea level rise is increasingly prevalent. Characterization of this sea 
level rise is necessary to determine if a project, with a 20 to 30-year lifetime, could withstand 
environmental conditions. In addition, the identification of key environmental studies needed 
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prior to construction was conducted. Risks to surrounding biota associated with project 
construction are analyzed to further characterize challenges of project implementation associated 
with the environment.  
 Another major source of risk for a potential wind turbine project on Port Isobel is 
associated with the community of Tangier Island as the main importer of this electricity, and 
their potential stake in this project. One main concern is the long-term energy demand, and the 
effect of population trends on this demand. Other societal challenges include negative 
stakeholder views regarding wind energy and the current economic status of the Tangier Island 
community. 
 Because of the unique and highly complex nature of the potential CW project serving 
Port Isobel and Tangier Island, project construction and operation will require extensive planning 
and project management. The low elevation levels and relatively high water table increase the 
complexity of turbine construction, especially in terms of the foundation design. The sandy soil 
type as found on Port Isobel also presents challenges to foundation design, as well as to 
construction. The equipment required for turbine construction will involve non-traditional 
transportation to the construction site as the island is approximately 12 miles away from the 
mainland (Chesapeake Bay Foundation, n.d.). Significant research into case studies similar to 
this project will aid in construction planning for the project. If developed, this project could act 
as a precedent for CW projects nationwide, and provide a successful framework for future 
projects to reference. 
 An extensive feasibility study is vital to project success for the Port Isobel site. If 
developed successfully, this CW project will provide clean, sustainable energy to a small, rural 
community. The benefits of energy security and carbon-free electricity will also benefit the 
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Tangier Island community, as it is increasingly affected by climate change through rising sea 
levels and a reduction in their fishing industry output, the main source of income for Tangier 
Island residents. Efforts during project planning to identify these potential challenges will allow 
project developers to mitigate these risks by developing work plans that incorporate quality 
management measures in order to ensure project success. 
Environmental Challenges 
 Port Isobel and Tangier Island are located in the Chesapeake Bay, within Accomack 
County, VA. The prospective site location, identified by the red star, is presented geographically, 
with the associated wind data analysis below, in Figure 1. 




Port Isobel and Tangier Island have elevations no higher than one meter, with most points 
of each island being lower. At certain low points, tidal fluctuations bring water to parts of the 
island that have historically been dry. There is concern that over time sea levels will to a point 
that fully submerges both islands, making it inhabitable. The risk presented by sea level rise is 
extreme for these low-elevation islands, but the rate at which the land area decreases 
significantly influences the viability of a wind turbine project.  
Changes to these islands occur over various time scales; from a few hours for a storm 
system to pass to the millennia it takes for geological evolution. Development of an 
understanding of how Tangier and Port Isobel will respond to sea level rise requires observations 
of coastal processes over the appropriate temporal and spatial scales and using the correct 
instrumentation platforms. A thorough understanding of this physical process will better 
characterize the risk of sea level rise to turbine deployment. 
According to Himmelstoss et al., the shoreline is a common variable used as a metric for 
analysis of coastal erosion or change (2010). Shorelines are historically extracted from 
topographic data sourced from ground-based surveys and light detection and ranging (LiDAR). 
Technological advancements have promoted the use of image-based shorelines to analyze long-
term shoreline changes. Image-based shorelines provide valuable data due to its high temporal 
resolution compared to LiDAR surveys (Guy, 2015). The method for extracting shorelines from 
30-meter resolution Landsat imagery is presented below. 
Data Acquisition 
The deployment of earth-observing satellites, in particular Landsat, over the past few 
decades has provided an opportunity to observe specific geographic places at frequent intervals, 
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multiple times per year, and at extremely high resolutions of 30 meters (Guy, 2015). Landsat is a 
joint program of the U.S. Geological Survey (USGS) and National Aeronautics and Space 
Administration (NASA) that has been observing the Earth continuously for more than four 
decades, from 1972 to present day. The historical record of the Landsat program allows for 
longer-term analysis, on the order of decadal changes, from a single data source. 
Landsat 5 Thematic Mapper (TM), Landsat 7 Enhanced Thematic Mapper Plus (ETM+), 
and Landsat 8 Operational Land Imager (OLI) satellite imagery are acquired digitally from the 
U.S. Geological Survey Earth Resources Observation and Science Center (EROS) Global 
Visualization Viewer. Images from all three Landsat satellites were selected based upon image 
clarity at the areas of interest. Landsat 5 TM was in operation from 1982 to 2012, and has been 
completely processed (USGS, 2017). Landsat 7 ETM+, in operation since 1999, and Landsat 8 
OLI, in operation since 2013, are currently collecting data (USGS, 2017). The data collected by 
Landsat satellites include multiple data types to be used for various studies. For the purpose of 
this shoreline analysis, annual top-of-atmosphere (TOA) reflectance images were used for a 
decadal temporal analysis period of 30 years, from 1984 to 2014. The reflectance images provide 
the proportion of radiation striking a surface to the radiance reflected by it. Image processing for 
geospatial analysis of the Landsat data was completed using Google Earth Engine. 
Image Processing 
 Google Earth Engine (GEE) is a cloud-based processing platform with access to a 
petabyte-scale archive of publically available remotely sensed imagery and other data (Google 
Developers, n.d.). The Landsat images are subset, or trimmed, to the area of interest and isolines 
are generated using the TOA reflectance of Band 7. Band 7, an infrared band (2.08–2.35 
micrometers (µm) for TM, 2.09–2.35 µm for ETM+, 2.11–2.29 µm for OLI) is most effective at 
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distinguishing land from water because of the absorption of these wavelengths by water 
(Lillesand and Keifer, 1987). The shoreline generated from Band 7 on a Landsat image can be 
seen below, in Figure 2.  
Figure 2:  Map showing an example of an island shoreline extracted from Landsat 5 TM annual TOA reflectance 
image. The map shows band 7 of Tangier Island and Port Isobel, VA, collected in 1984. The water is black and land 
areas, in particular sandy beaches on the southern tip of Tangier Island, are distinct. Reprinted from Google Earth 
Engine, n.d., retrieved March 15, 2017 from https://code.earthengine.google.com/ 
 
The isolines were visually examined for appropriate fitness to the corresponding satellite 
image. Parts of the shoreline that are less reliably delineated, often due to marshy conditions that 
vary more with tide level relative to sandy shorelines, are edited by hand to the selected isolines. 
The selected isolines were converted to polygon shapefiles to calculate land area in kilometers 
(km). The polygon areas were added to an attribute table and summed to determine total land 
area (km) for the designated year. A composite image consisting of polygon shapefiles from each 
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year analyzed (1984, 1994, 2004, and 2014) can be seen in Figure 3, below.  No adjustments 
were made to the shorelines for varying tide levels because of the long-term nature of the annual 
TOA reflectance composite images. 
Figure 3:  Map showing the composite image of polygon shapefiles from the four representative Landsat annual 
TOA reflectance images (’84, ’94, ’04, and ’14). The map shows the shorelines of Tangier Island and Port Isobel, 
extracted using the image processing band 7 technique. Reprinted from Google Earth Engine, n.d., retrieved March 
15, 2017 from https://code.earthengine.google.com/ 
 
Results 
 The geospatial analysis completed using GEE was effective at characterizing long-term 
shoreline changes as a result of sea level rise. The land area (km) was analyzed on a decadal time 
scale, from 1984 to 2014. The total land area for each year analyzed was produced by an 
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attribute table from GEE, which was then imported to MicrosoftÒ Excel for presentation. The 
land area, in kilometers and acres, for each representative year is presented in Table 1, below. 
Table 1:  Total land area among Tangier Island and Port Isobel for the associated image year. The decadal pattern is 







 A decrease in land area was determined across each decadal period. The land area 
represents a sum of multiple polygon shapefiles, representing Tangier Island and its uninhabited 
“uppards” region, as well as Port Isobel. The percentage of land area lost were approximately 8% 
across the first two decadal periods, ’84-’94 and ’94-’04, while the percentage lost increased 
sharply over the last decadal period. Overall, the average land area lost per decade was 
determined to be 9.89%. The land area lost across each period can be seen below, in Table 2.    










Challenges associated with turbine deployment are also attributed to the socioeconomic 
aspects of Tangier Island and its townspeople. Inhabitants of Tangier Island rely heavily on the 
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fishing industry, in particular crabbing and oystering, as their main source of income. The 
economy is very concentrated in this industry, which presents limited opportunities for young 
people and women on the island. Population, economic, and educational data specific to the town 
of Tangier, VA, was analyzed to characterize of the socioeconomic status of Tangier town, VA is 
necessary to understand stakeholder relations and identify potential risks involved with project 
development. 
Data were collected from multiple United States censuses and surveys conducted by the 
United States Census Bureau (USCB). The USCB falls under the Economics and Statistics 
Administration, an agency within the U.S. Department of Commerce. The primary mission of the 
Census Bureau is conducting the Decennial Census, which is used to allocate seats to the House 
of Representatives to states based on population data. In addition to the Decennial Census, the 
Census Bureau conducts multiple other censuses and surveys over various time scales; including 
the American Community Survey (ACS) which is an ongoing survey and provides annual 
information about the American people, and U.S. Economic Census which is the official five-
year measure of American business and the economy. For the purposes of this socioeconomic 
analysis, data were analyzed from the 2015 U.S. Census Bureau ACS, as well as the eleven 
Decennial Censuses conducted since 1910. 
Demographic Characteristics 
 Tangier is a town in Accomack County, VA on Tangier Island in the Chesapeake Bay. As 
of the census of 2010, there were 727 people, 324 households, and 234 families residing in the 
town (U.S. Census Bureau, 2011). The population density was determined to be 581.6 per square 
mile. There are 377 housing units at an average density of 301.6 per square mile. The racial 
	
15	
makeup of the town is 98.2% white (714 people), 0.6% African American, 0.4% Asian, and 
0.8% Hispanic or Latino, of any race. 
 There were 324 households, of which 34.2% had children under the age of 18 living with 
them, 58.6% were married couples living together, 11.4% had a female householder with no 
husband present, and 27.7% were non-families. Householders living alone made up 27.5% of all 
households, 52.2% of which were made up of someone living alone who was 65 years of age or 
older. The average household size was 2.24 people, and the average family size was 2.70 people 
(U.S. Census Bureau, 2011). 
 The average age in the town was 48.6 years, more than ten years older than the Virginia 
state average, 37.5. The population was spread across all age groups, with 18.6% under the age 
of 18, 5.8% from 18 to 24, 19.4% from 25 to 44, 34.8% from 45 to 64, and 21.4% who were 65 
years of age or older. For every 100 females, there were 104.8 males. For every 100 females age 
18 and over, there were 105.2 males (U.S. Census Bureau, 2011). 
 As of 2016, 70% of those age 18 and over had high-school degrees or equivalent, and 
only 7.7% of the population, or 35 people, had achieved a bachelor’s degree or higher (U.S. 
Census Bureau). There were 64 children enrolled in school, 59 of whom attended the town’s 
school, with the other 5 pursuing undergraduate or graduate degrees elsewhere. The five students 
pursuing degrees elsewhere were all male, ages 18-24. 
 At its height, Tangier Island had approximately 1200 residents in the 1930s (Wernick, 
2014). By 2000, the population had shrunk by half; today, the 2015 ACS estimated a population 
of 491 (U.S. Census Bureau, 2016). The historical population data, and associated population 
change, produced by the Decennial Census from 1910-2010 can be seen below in Table 3. Since 
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1930, the population has steadily declined until 2010, when the population increased from 604 









 As reported by the 2015 ACS, the median income for a household in Tangier town was 
$39,231, and the median income for a family was $49,375. The average household income in the 
town was $51,883, and the average family income was $60,080. The per capita income for 
Tangier town, VA was $22,977. Approximately 12.9% of families and 15.5% of the population 
were below the poverty line, including 16.7% of those under age 18 and 16.7% of those age 65 
or over (U.S. Census Bureau, 2016). 
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 Fishing is the major industry for Tangier, as it is ideally located in the Chesapeake Bay, a 
source of both blue crabs and oysters. This industry is largely concentrated with males, ages 35 
and older. Due to diminishing returns and statewide restrictions on commercial fishing in the 
Chesapeake Bay, the economy has deteriorated and forced many watermen into new professions, 
including the merchant marine industry as tug boat operators. The lack of economic opportunity 
on the isolated island has forced most of the youth to the mainland in search of education or 
employment (Wernick, 2014). 
  Tourism is the only other industry stimulating the island, with several charter boats taking 
daily trips to and from the island during the Summer season. During its tourism season, the town 
opens up its restaurants, bed and breakfasts, gift shops, museum, and other attractions in hopes of 
drawing visitors from the mainland (Wernick, 2014). Once the Summer tourism season is over, 
the businesses close up until the following season. There is only one mail boat, one restaurant, 
and one bed and breakfast operational year-round on the island.  
Logistical Challenges 
 Deployment of a wind turbine on Port Isobel of Tangier, VA, is faced with numerous 
logistical and construction challenges. Owing to the island’s isolation and physical 
characteristics, any project will require special accommodations to transport the construction 
equipment, design and construct the foundation, erect the tower and turbine, and install the 
electric distribution system necessary to export the power across the Tangier Sound, from Port 
Isobel to the town of Tangier. The challenging environmental conditions, lack of civil 
infrastructure, limited work area, and water transportation of equipment require careful analysis 
in hopes of stimulating project development. 
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 The first step in the wind turbine construction process is site clearing and transportation 
of equipment. Access roads must also be constructed from the unloading point on Port Isobel to 
the site location to provide access for equipment necessary for construction, and to facilitate 
turbine access for ongoing operation and maintenance. These access roads can be up to 40 feet 
wide during construction, to allow for large cranes needed for turbine erection, but are restored 
to the standard 16-foot width upon completion of construction (WE Energies, n.d.). 
 Transportation of land-based turbine construction equipment to Tangier, on Port Isobel, 
will require special, precedent-setting operations. Tangier Island and Port Isobel make up the 
western boundary of the Tangier Sound in the Chesapeake Bay, with average water depths less 
than 10 feet, and certain points as shallow as 2 feet deep. The National Oceanic and Atmospheric 
Administration (NOAA) Office of Coast Survey is responsible for creating nautical charts that 
are used by watermen, containing multiple data including location of transmission lines and 
water depths. A harbor chart showing water depths around Tangier Island can be seen below, in 
Figure 4.  
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Figure 4:  Harbor chart of Tangier Island, showing water depths around the island as measured for the NOAA 




Typical marine cargo transportation is conducted using large deep-draft vessels to 
promote stabilization and offset the buoyant force exerted on the ship by the water. The draft of a 
ship’s hull is the vertical difference between the waterline and the bottom of the hull, or body of 
the ship. The ship’s draft determines the minimum depth of water a ship can safely navigate. 
However, low water depths surrounding Tangier Island, as seen above, will require the use of 
special, shallow draft vessels to transport construction equipment to Tangier Island. A shallow 
draft vessel could either accept equipment from a larger vessel with a forklift loader at a 
sufficient depth in the Chesapeake Bay, or simply transport directly to Tangier Island. A shallow 
draft vessel is pictured below in Figure 5. This vessel was built by Bowhead Transport 
Company, LLC, to facilitate the company’s lighterage operations. The landing craft is equipped 
with cargo handling equipment, including all terrain forklifts capable of handling up to 35,000 
pounds (Bowhead, n.d). 
Figure 5:  The Bowhead Unalaq, a shallow draft vessel used in the company’s lighterage operations. The shallow 
draft vessels provide service to locations not navigable by deeper draft tow boats and barges. Reprinted from 





 Geotechnical characteristics of the site provide additional challenges to foundation and 
turbine construction. This coastal site is characterized by a high water table, sandy soil, and 
highly corrosive salt water in the Chesapeake Bay. A wind turbine tower structure and its 
foundation receive considerable fatigue during the turbines operational lifespan. The foundation 
must be able to resist the large, concentrated force at the tower base stemming from the 
aerodynamic and mechanical forces in wind (Prahba, Dash, & Baars, 2013). Failure of the 
turbine foundation could result in complete turbine system failure. As a result, significant 
analysis of the site is required to select a safe and economic foundation design. According to 
Prahba et al. (2013), the foundation type is largely dependent on soil type and location of the 
prevailing water table at the planned site. In the case of Port Isobel at Tangier Island, the 
potential turbine site has weak soil, consisting of mostly sand, with a high water table. An 
extensive soil investigation should be conducted to characterize the site area in terms of 
groundwater conditions, as well as soil and rock properties. These properties of the soil and 
groundwater are used in load calculations to determine the foundational requirement specific to 
the site.  
 In order to export the power from Port Isobel to the town of Tangier, an upgrade of the 
underwater distribution system from single-phase power to three-phase power will be required. 
The transmission system in place today provides single-phase, 120V AC service. Three-phase 
power comprises three different phases of simultaneous AC power, each phase offset by 120 
degrees, to provide a more robust supply of AC power. An upgrade to the electricity distribution 






A meeting on January 26, 2017 with the town of Tangier’s Manager, Renee Tyler, 
Mayor, James Eskridge, and representatives from CBF indicated stakeholder support for wind 
turbine deployment on Port Isobel. The townspeople of Tangier are in favor of turbine 
deployment across the harbor on Port Isobel, thus minimizing the human impact from shadow 
flicker, noise and visual impacts. Representatives of CBF discussed their support of a potential 
project on Port Isobel, and are seeking to partner with the town of Tangier in a distributed wind 
energy project. Potential financing options were discussed including third-party financing in the 
form of a lease or a power purchase agreement (PPA). A 50-meter meteorological tower was 
commissioned on Port Isobel in July 2009, and remains present at the proposed turbine site 
where a suitable wind resource exists, minimal visual impacts for the townspeople will occur, 
and access for construction equipment can be arranged. A visual impact assessment should be 
conducted in order to create a virtual rendering once the geometry of the selected wind turbine 
model is known.   
The environmental challenges facing Tangier Island a risk to project development on Port 
Isobel. Continued wave-induced erosion and sea level rise associated with climate change drive 
land area loss. Since 1984, Tangier has seen an average decadal land area loss of 9.89%. While 
seawall and other land management projects could extend the islands lifetime short-term, the 
long-term outlook still puts Tangier Island at risk. The northern portion of the island, known as 
the “Uppards,” was already compromised due to rising sea level, and forced inhabitants to the 
southern portion of the island. Given that a wind turbine has an average lifetime of 20-30 years, 
the risk of abandonment is minimal. Extreme weather conditions pose a greater risk to a potential 
wind turbine because of the island’s exposure within the Chesapeake Bay. Port Isobel and the 
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potential site location are located at a high point of the island, and thus present minimal risk of 
flooding under normal weather conditions. While sea level rise and erosion are major risks to life 
on Tangier Island, they pose minimal risk within the scope of a community wind project. 
The economy of Tangier Island is highly dependent on the fishing industry, which has 
seen multiple consecutive years of reduced yields resulting from pollution to the Chesapeake 
Bay, unsustainable fishing practices, and state regulations restricting the harvest season length. 
As a result, many Tangier watermen have sought work as merchant marines or in similar 
industries in surrounding areas, particularly around Hampton Roads. Economic opportunities on 
the island for women and young people are scarce, forcing even more residents to the mainland 
in search of work or education. The historical analysis of demographic data related to Tangier 
Island reflects the economic hardships faced by the island today. The population of active 
watermen is declining and aging, following the general downward economic trend. As a result, 
project financing will need to be sourced externally, most likely through third-party financing. 
Further analysis into potential financing options is a major step toward project development. 
The unique physical and geotechnical aspects of Tangier Island significantly increase the 
complexity of project design and construction. Transportation of the equipment needed for 
construction and turbine components will require special, shallow draft vessels that can reach 
isolated areas with shallow water depths. Specific tests need to be conducted to determine soil 
and groundwater characteristics to determine the most cost-effective and appropriate foundation. 
Not surprisingly, the logistical challenges associate with turbine deployment on Port Isobel offer 
the greatest concern in the short-term. Extensive site analysis needs to be conducted before 
project design can begin. Identification and characterization of the risks associated with project 
development will serve as supporting material to a professional project developer in the future. 
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Deployment of a wind turbine on Tangier Island’s Port Isobel would create a precedent for 
distributed wind generation in a remote, rural community, encouraging project development for 
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The 2014 Virginia Energy Plan set the goal of 25% of the energy produced in the state to be 
from renewable resources by 2025. Wind energy is one of the most prominent renewable 
resources in the state, with a potential wind capacity of approximately 1800 MW. The Virginia 
Department of Mines Minerals and Energy looks to incentivize both small-scale and commercial 
renewable energy projects. As a result of government incentives, lowered costs, and 
technological advancements, the Virginia Center for Wind Energy (CWE) at James Madison 
University established the Distributed Wind Assistance Program (DWAP).  
 
This multi-year project includes efforts from teams of undergraduate students, advised by Dr. 
Jonathan Miles, Remy Pangle, and Phil Sturm of CWE. Previous efforts identified four project 
sites through a rigorous application and raking process. The potential sites include Bradford Bay 
Farms, the Chesapeake Bay Foundation at Port Isobel, Fancy Gap Elementary School, and Prince 
William County Landfill. Under the Distributed Wind Assistance Program, a team of 
undergraduate students intend to provide technical and financial assistance through stakeholder 
communications, investment firm contact, and meteorological tower wind speed data analysis. 













Abbreviation   Term 
APCO    Appalachian Power Company 
AWEA    American Wind Energy Association  
BBF    Bradford Bay Foundation 
CBF     Chesapeake Bay Foundation 
CWE    Center for Wind Energy 
DG    Distributed Generation 
DMME    Department of Mines Minerals and Energy   
DOE     Department of Energy 
DW     Distributed Wind 
DWAP    Distributed Wind Assistance Program 
EERE     Office of Energy Efficiency and Renewable Energy 
IRS     Internal Revenue Service 
ITC     Investment Tax Credit 
kWh     Kilowatt-Hours 
MACRS    Modified Accelerated Cost-Recovery System 
MET     Meteorological Tower 
MWh     Megawatt-Hours 
PPA     Power Purchase Agreement 
PTC     Production Tax Credit 
PWCLF    Prince William County Landfill 
RE    Renewable Energy 
REAP     Rural Energy for America Program 
REDA    Renewable Energy Development Assistance 
RPS     Renewable Portfolio Standard 
STEM    Science, Technology, Engineering, Mathematics 
SWCC    Small Wind Certification Council 
U.S     United States 
















In 2014, the Commonwealth of Virginia distributed a comprehensive Energy Plan through the 
Department of Mines, Minerals, and Energy (DMME), which provides a strategic vision for 
energy policy in the future. One renewable energy source that is discussed is wind 
energy.  Primarily, wind energy in the Commonwealth of Virginia has been used for small-scale 
on-site generation and distribution. Many systems are connected to the grid through net metering 
under Virginia law that allows for excess electricity generated at the end of a billing period to be 
purchased by Dominion Power, Virginia’s prominent utility company. 
 
The energy plan discusses feasibility of both offshore and onshore wind resources.  While both 
are important to the diversification of Virginia’s energy capacity, onshore wind projects are 
generally more small-scale and therefore offer less opposition. At a hub height of 80 meters, it is 
estimated that Virginia has the capacity to produce 1,793 MW (DMME, 2014). In Virginia, the 
most promising resources are in the more rural, western part of the state, along ridgelines of the 
Appalachian Mountains (DMME, 2014). The Virginia Energy Plan recommends to “create an 
environment that welcomes significant growth in renewable generation in the Commonwealth, 
from small-scale distributed generation to commercial and utility-scale deployment.” 
 
The focus of this project falls on the development of distributed wind (DW) projects in Virginia. 
According to the United States Office of Energy Efficiency and Renewable Energy under the 
United States Department of Energy (DOE), Distributed Wind is defined as, “a wind plant's 
location relative to end-use and power distribution infrastructure, rather than size” (U.S. DOE, 
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2015b).  Attributes of DW include (i) proximity to end-use, where a turbine is installed near or 
on-site for the purpose of meeting energy demand on-site, and (ii) point of interconnection, 
where turbines are connected to the customer side of the meter, directly connected to the 
distribution grid or are outright off grid in remote locations.  DW energy systems are generally 
installed on residential, agriculture, commercial, or industrial sites, ranging in capacity from a 
single home turbine with a generating capacity ranging from a 5 kilowatt turbine to a multi-
megawatt system at an industrial site. Utilizing these smaller scale wind programs can help 
diversify the energy generation portfolio of Virginia while decreasing carbon emissions, 
increasing the number of jobs, and increasing the level of national energy security. 
 
Distributed Wind is an important sector of the energy industry and offers significant 
opportunities.  The United States is the world leader in small-scale wind turbine exports (U.S. 
DOE, 2015b).  This offers significant market growth and job opportunities by developing 
markets both domestically and internationally.  Also, because DW systems are installed directly 
to the distribution grid, they require no new transmission infrastructure.  With proper planning 
and use of government programs, distributed wind is a competitive option for residential and 
commercial retail electricity markets. 
Purpose and Goals 
Transformation to a low carbon, sustainable energy future will require a diversification of 
electric generation sources. In order to meet climate goals, set by the Paris Agreement, a large 
majority of new generation capacity will need to come from renewable energy, in particular wind 
and solar. This new generation capacity will come from a variety of technologies with multiple 
applications, including both utility-scale and distributed energy generation. The diversification of 
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energy sources also promotes energy security at local, state, and the national level. A utility-scale 
wind farm would promote energy security at a national level by providing carbon-free electricity 
to the wholesale market, while a distributed wind or solar project provides energy security on a 
much smaller scale. Although national energy security poses a greater risk, attention and 
resources must be aimed at promoting energy security for at-risk communities prone to electric 
outages, high energy rates, or poor service most commonly found in rural areas with geographic 
challenges in transmission and distribution. 
 
On a large scale, the purpose of this project is to start a movement toward distributed and large 
scale wind projects across the state. This movement would help to improve awareness, 
understanding, and openness of and to wind turbines and other forms of renewable energy 
technologies.  
Methodologies and Justification 
This project is a continuation of a previous effort led by Kayla Cook and Sydney Sumner. Cook 
and Sumner created the Distributed Wind Assistance Program (DWAP) as a comprehensive 
method for educating community members, small businesses and farms about the importance of 
distributed wind, and identifying viable sites through a ranking system. The ranking system 
addressed the wind resource, the technical feasibility of the project, accessibility of the site, the 
project’s value and visibility to the community, the willingness to disseminate information and 
allow visitors. The system also addressed REAP eligibility. The Rural Energy for America 
Program (REAP), established in 2002, the United States Department of Agriculture (USDA), 
provides guaranteed loans and grants to candidates to install renewable energy technologies or 
improvements in energy efficiency (USDA, 2012). Through this vigorous ranking system Cook 
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and Sumner identified four potential and unique sites. The four sites that were identified through 
this program were Bradford Bay Farms, Chesapeake Bay Foundation, Fancy Gap Elementary 
School and Prince William County Landfill.  
 
Each of the sites selected out of the previously identified locations was overseen by a specific 
group member. Emma Laurens was responsible for the progress at Bradford Bay Farms, Patrick 
Landess for the Chesapeake Bay Foundation at Port Isobel, Julie Gentry for Fancy Gap 
Elementary School, and Nicholas Cooper for Prince William County Landfill. Each individual 
spent time engaging in conversation with the principle contacts at each of the sites and making 
specific plans for the site, encompassing the needs and requests of the applicant. The 















Definition and Explanation 
Distributed Generation (DG) energy systems offer reliable electricity generation in a wide 
variety of global settings with projects ranging from a 1-kilowatt (kW) or smaller off-grid wind 
turbines to several multi-megawatt (MW) wind turbines or any larger energy user.  Due to the 
nature of DW systems, installations are often where people live and work, usually making DW 
turbines the public’s first exposure to wind energy, and thus an important aspect in moving 
towards reliance on renewable energy resources. 
 
Examining DG can offer another perspective into understanding DW. DG refers to electrical 
power generation that occurs close to where the power is consumed. Electricity that is primarily 
used on site by the system owner is often called “inside-the-fence” or “behind-the-meter” 
generation. DG systems are typically small by comparison to centralized power plants, but they 
provide significant benefits including reduced energy loss during transmission and reduced load 
on utility transmission and distribution lines (What is Distributed Wind?, 2016). 
 
The U.S DOE EERE Wind and Water Power Technologies Office defines DW in terms of 
technology application based on a wind project’s location relative to end-use and power-
distribution infrastructure, rather than by technology size or project size. Wind systems are 
characterized as distributed based on: 
• Proximity to end-use: wind turbines installed at or near the point of end-use for the 




• Point of interconnection: wind turbines connected on the customer side of the electric 
meter or directly to the local grid (the local grid is defined as distribution lines with 
interconnected electric loads typically at voltages of 34.5 kW or below) (Distributed 
Wind, n.d). 
 
In other words, DW energy systems are connected either physically or virtually on the customer 
side of the meter (to serve onsite loads) or directly to the local distribution or micro grid (to 
support local grid operations or offset nearby loads). This differentiates DW systems from 
systems that produce power generated at wind farms or large utility scale wind producers (What 
is Distributed Wind?, 2016). Figure 1 demonstrates the various sizes and capacities of turbines 
and their usual applications. 
 
Figure 1. Various sizes of wind turbines and usual applications (Climb a Turbine, n.d.). 
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Between 2003 and the end of 2015, over 75,000 wind turbines, totaling 934 MW in cumulative 
capacity, were deployed in distributed applications across all 50 states, the District of Columbia, 
Puerto Rico, and the U.S Virgin Islands (2015 Distributed Wind Market Report, 2016). Figure 2 
shows this cumulative capacity and the annual additions broken down by turbine size. 
 
Figure 2. U.S DW Capacity (2003-2015) (2015 Distributed Wind Market Report, 2016). 
 
The number of sites still available for DW potential in the U.S is vast. An analysis of behind-the-
meter DW potential in the U.S found that DW systems are technically feasible for approximately 
49.5 million residential, commercial, or industrial sites, or about 44% of all U.S buildings. 
Technology cost reductions such as reductions in turbine costs, balance of system costs, and soft 
costs are all necessary for DW potential to reach its full capacity of electrical generation within 
the US. However, other factors such as increasing access to low-cost capital and standardizing 
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site assessment, project development, and installation process will be important drivers as well 
(Assessing the Future of Distributed Wind, 2016). 
DW also supports the nation’s manufacturing economy as U.S.-based small wind turbine 
manufacturers rely on a largely U.S. supply chain for their wind turbine components. As seen in 
Figure 3, these manufacturers supply the majority of the small wind turbines deployed 
domestically and are leading exporters to an expanding global market.  
 
Figure 3. U.S Small Wind Turbine Sales and Exports (2015 Distributed Wind Market Report, 2016). 
 
 DW applications may offer solutions to many of the nation’s leading energy supply issues by 
providing resilience against blackouts and brownouts, mitigating energy security concerns and 
power-quality issues, meeting tighter emissions standards, reducing transmission bottlenecks, 
and allowing greater control over energy costs (2015 Distributed Wind Market Report, 2016).   
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Examples and Case Studies of Successful Implementation 
To further facilitate the progress of DW energy in Virginia and to gain a better understanding of 
successful implementations of DW, various case studies and successful implementations of DW 
systems were examined.  
Hopi Day School, Kykotsmovi, AZ. 
Figure 4. Installation of a 1.8 kW turbine at the Hopi Day School in Kykotsmovi, AZ (Distributed Wind in 
Arizona, 2014). 
 
One case study example examined was the implementation of a 1.8-kW turbine at the Hopi Day 
School in Kykotsmovi, AZ. The project was made possible through the Arizona Wind for 
Schools Project, under Northern Arizona University’s (NAU) Institute for Sustainable Energy 
Solutions and the Hopi Tribe Renewable Energy Office. The project was completed in June of 
2014. The turbine was funded by the Renewable Energy Investment Fund (REIF) and was the 
final grant-funded turbine in a project involving more than a half-dozen renewable energy 
installations on behalf of the US Department of Energy-funded Wind for Schools program in 





The total cost of the Hopi Day School installation was $30,500. Support was provided by a 
$28,500 grant from REIF and $2,000 from the Hopi Day School (which also helped provide 
labor). Additional funding and in-kind donations of labor were provided by WestWind Solar and 
the Hopi Tribal Renewable Energy Office (Distributed Wind in Arizona, 2014). This turbine is 
an excellent example of a DW application due to the turbine’s proximity use for the school and 
point of interconnection to the local grid.  
 
Henley Middle School, Crozet, VA  
 
Figure 5. 2.4 kW Skystream turbine at Henley Middle School (Henley Middle School, 2012). 
 
Another successful application of a DW system examined was the installation of a 45 ft tall 2.4-
kW (Skystream 3.7, 2013) Skystream turbine at Henley Middle School in Crozet, VA. The 
system was installed with a $211,000 grant from the Virginia Department of Mines, Minerals 
and Energy, $40,000 raised by the Henley school community and $35,000 from the county 
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school budget. The turbine has a lifespan of 20 years with regular maintenance and is estimated 
to save hundreds of dollars per year on the school's electricity bill. 
 
Power produced by the turbine goes into the school’s supply and a real-time meter displayed in 
the school’s lobby shows how much electricity the turbine is producing (Henley Middle School, 
2012). The turbine is part of a renewable energy resource center that was launched in 2011 to 
lessen the school’s carbon footprint as well as to provide children hands-on experience with 
renewable energy systems. The renewable energy resource center is comprised of: 
• Solar photovoltaic panels that will produce 44,000 kWh of electricity per year. 
• Solar thermal hot water that will heat approximately 60% of the hot water used at 
Henley Middle School. 
• The Skystream turbine that produces about 2,700 kWh of electricity per year. 
• Web-based tracking that will track the electricity generated by the solar and wind 
power (Renewable Energy Resource Center, n.d). 
Along with the resource center, this turbine offers insight into a successful implementation of a 
DW system within Virginia. The capabilities of web-based tracking of the electricity generated 
by the turbine also acts as an excellent tool for outreach and education across the internet.  
 
 




Figure 6. 10 kW Bergey Excel Turbine at Cross Island Farms (Distributed Wind Case Study: Cross Island Farms, 
2012). 
 
 This case study examined the installation of 10 kW Bergey Excel turbine onto Cross Island 
Farms. Cross Island Farms is a 102-acre organic certified farm on Wellesley Island in the 
northern part of New York state. In 2009, the owners of the farm took their interest in renewable 
energy to the next level by researching the logistics of a small wind installation on their land.  
 
There was some hurdles faced in the initial siting and assessment stages with the initial 
assessment being quite disappointing as wind resources were nearly half of the computer 
projections for the site. However, a second contractor, Alternative Power Solutions (APS), 
advised that the project's height be increased from 80 feet to 120 feet making the project 
economically feasible. Because the farm was located within the New York State Agricultural 
District, the zoning board approved installation of turbine.  
 
Construction began in July of 2011 with the turbine foundation being dug and concrete being 
poured. The turbine was installed in August of 2011 and tied to the grid by the middle of the 
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month. The turbine is part of a combined system including a 5.52-kW SunPower solar array and 
a 17-kW propane generator. Both the solar array and propane generator were installed on 
September 28th, 2011.  
   
 During the turbine’s first month online, the farm’s energy bill was reduced by half. The 
combined system generated an excess of 265 kilowatt-hours of electricity in its first month of 
operation. When excess power is produced by the combined system, it is rolled over into the next 
month. If the system under-produces, the accumulated excess is used to make up the difference. 
At the end of each year, measured from the date that the system was connected to the grid, the 
farm is reimbursed by their local utility for any excess power produced.  
    
The total cost of the wind turbine, including the initial developer, was $82,000. A USDA REAP 
grant provided about 25% of the total wind cost (about $20,506). The New York State Energy & 
Research Development Authority provided $34,919 covering 50% of total wind cost while also 
paying for 25% of the solar project. During the project planning process, the owners of the farm 
had to spend a portion of the total project cost or the project would have not qualified for USDA 
REAP funding (Distributed Wind Case Study: Cross Island Farms, 2012). 
Example Turbines 
Throughout this project, multiple turbines were found to be applicable as DW systems. This 








Figure 7. Gaia Wind 11 kW turbine (Gaia, 2017). 
Gaia Wind turbine is an 11 kW turbine, with single or three-phase connection. The turbine is 13 
meters tall and has a swept area of 133 square meters. Its rotor’s radius is 6.5 meters. Gaia wind 
prides itself on providing large amounts of energy, due to its large swept area, at low noise 
volumes (Gaia, 2017). 
 
FuturEnergy Airforce10  
 
Figure 8. FuturEnergy Airforce10 turbine (FuturEnergy, 2005). 
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FuturEnergy Airforce10 is a 10-13 kW rated turbine that is available with a single, split and 3-
phase connection. The turbine is available at 12, 15, and 18 meter hub heights depending on site 
requirements. The UK designed and manufactured machine has an 8 meter rotor diameter and 




Figure 9. Ecocycle 025 wind turbine (Ecocycle, 2017). 
Ecocycle 025 is a 25 kW rated turbine with a hub height of 12.6 meters. This turbine falls 
into the IEC 61400-2 wind class III design standard category. It has a cut in speed of 2.5-3 m/s 








Xzeres Skystream 3.7  
Figure 10. Skystream 3.7 Turbine (Skystream 3.7, n.d). 
The Xzeres Skystream 3.7 is Small Wind Certification Council (SWCC) certified turbine with a 
rated capacity of 2.4 kW. It is available as single split or three phase connection type. This 
turbine has a cut-in wind speed of 3.5 m/s and is a downwind rotor with stall regulation control. 
The turbine is also available with a battery charging kit, making its uses extremely versatile 
(Skystream 3.7, n.d). The cost of this turbine ranges from $12,000 to $15,000 depending on the 












Pika Energy T701 
 
Figure 11. Pika Energy T701 Turbine (Pika T701, 2016). 
    The Pika T701 Turbine is another SWCC certified turbine with a rated output of 1.5 kW.  The 
turbine is a horizontal axis, upwind rotor with a cut in wind speed of 3.13 m/s. It has a five year 
limited warranty with stall regulation and one-shot centripetal overspeed braking.  This turbine 
has remote monitoring capabilities built in via remote internet dashboard hardware (Pika T701, 












Figure 12. Xzeres 442SR Turbine (XZERES 442SR, n.d.). 
The Xzeres 442SR is another SWCC certified turbine with a rated power of 10.4 kW. It has a cut 
in wind speed of 2.5 m/s and is available as a single phase, or three phase connection type that 
supports U.S or worldwide grid connection. This turbine is a IEC 61400-2 Small Turbine class 2 
with a standard ten-year limited warranty (XZERES 442SR, n.d). The capital cost of this turbine 
is typically around $78,900 (We Offer 2, n.d). 
Bergey Excel 1 
Figure 13. Bergey Excel 1 turbine (1 kW Bergey, n.d.). 
 
The Bergey Excel 1 turbine has a rated power of 1 kW. It has a cut-in wind speed of 2.5 m/s and 
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a start-up wind speed of 3 m/s with AUTOFURL overspeed protection. This is a 3 blade upwind 
turbine that is recommended for off-grid homes, light telecommunications, village power, or as 
an educational system (1 kW Bergey, n.d). This American made turbine typically has a cost of 
$4,595 (Retail Price List, 2013). 
Northern Power Systems Northwind 100C-21 
 
Figure 14.  Installation of a Northern Power Systems Northwind 100C-21 Nacelle (NPS 100C-21, n.d.). 
 
The Northern Power Systems Northwind 100C-21 has a power output rating of 100 kW at 15 
m/s, with a 20.7-meter rotor diameter. Different hub heights are available at either 37 meters or 
29 meters, with an upwind, three-blade turbine orientation with a direct-drive gearbox and 
permanent magnet generator type. The turbine includes an active yaw drive system with wind 
direction/speed sensors and automatic cable unwind (NPS 100C-21, n.d.). The NPS Northwind 





Figure 15. Ground view of the Endurance E3120 50 kW wind turbine (Endurance E3120 50kW, n.d.). 
 
The Endurance E3120 is a three-blade, horizontal axis, downwind orientation with a rated power 
output of 50 kW at 10 m/s. This turbine is available at hub heights of either 24.6 meters, or 36.4 
meters with a 19.2-meter rotor diameter. The turbine is comprised of an asynchronous, induction 
generator system and a mechanical rapid fail-safe braking system with an additional secondary 
braking system for over-speed regulation. This turbine offers remote monitoring capabilities and 













Figure 16. Ground view of the Endurance E4660 85 kW wind turbine (Endurance E4660 85kW, n.d.). 
 
The Endurance E4660 is a three-blade, horizontal axis, downwind orientation with a rated power 
output of 85 kW at 15 m/s. This turbine is available at hub heights of either 24.8 meters, or 36.6 
meters with a 23.5-meter rotor diameter. The turbine is comprised of an asynchronous, induction 
generator system and a mechanical rapid fail-safe braking system with an additional secondary 
braking system for over-speed regulation. This turbine offers remote monitoring capabilities and 












Currently, there are multiple funding mechanisms available for distributed wind projects. While 
most of these incentives are policy driven at either a federal, state, or local level, funding sources 
also include third-party investments or programs offered by energy utilities. Wind energy 
projects have a relatively high initial capital cost, while the benefits in energy savings occur over 
a long period of time. In order to promote the investment into renewable energies, incentives are 
available from the government as tax credits, grants or loans. 
USDA Funding  
The main incentive identified as vital to promoting distributed wind projects in Virginia is the 
Rural Energy for America Program (REAP), offered by the United States Department of 
Agriculture. This program offers financial assistance to agricultural producers or rural small 
businesses, in areas of 50,000 people in the form of grants or guaranteed loans to implement 
renewable energy and energy efficiency projects. Eligible renewable energy projects include 
wind, solar, biomass, geothermal, and hydrogen derived from biomass or water using any of 
these sources. Applications are accepted year round at the local USDA office; any applications 
for projects in the state of Virginia are submitted to the USDA office in Richmond, VA. For 
renewable energy projects, REAP provides grants of $2,500-$500,000 for up to 25% of the total 
project cost. This incentive is also offered as a loan or grant/loan combination for up to 75% of 
the total project cost (DSIRE, 2016a). The applicant is required to provide the other funding for 





REAP was created by The Food, Conservation, and Energy Act of 2008 (H.R. 2419), which 
converted the federal Renewable Energy Systems and Energy Efficiency Improvements Program 
into REAP. Congress enacted this bill in May 2008, and was most recently altered by the 2014 
amendments to the Farm Bill, which reauthorized USDA to offer these programs but removed 
the mandate to offer grants for feasibility studies (DSIRE, 2016a). These amendments allocated 
REAP $50 million each year from 2014 to 2018, with $100 million of discretionary funding for 
the 5-year time period (U.S. DOE, 2015a).    
 
Since Fiscal Year 2009, REAP has funded over 5,000 projects in all 50 states, Puerto Rico and 
the Western Pacific (USDA, 2012).  In 2014, REAP funded 15 wind projects with $405,442 in 
grants that will generate 840 MWh annually (U.S. DOE, 2015a). This decline is significant from 
2013 REAP levels, which provided $1.2 million in grants for 25 wind projects that generate 
2,303 MWh annually (U.S. DOE, 2014). While REAP expenditures have declined since 2010 
due to lack of fund allocation by Congress, the program continues to provide assistance for DW 
projects in the agriculture sector and rural areas. 
 
An additional provision to REAP is the Renewable Energy Development Assistance Grant 
(REDA). This program awards grants to multiple actors that have assistance programs 
established to assist rural small businesses and agricultural producers by conducting and 
promoting energy audits, as well as providing renewable energy technical assistance and site 
assessments. Potential grantees include state and local governments, higher education 
institutions, federally-recognized Tribes, rural electric cooperatives, and public power entities. 
Eligible project costs include salaries and travel expenses directly related to the project, office 
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supplies, and up to 5 percent of the grant amount can be used for administrative expenses 
(USDA, n.d.). 
 
Another federal program offered by the USDA is the Rural Business Development Grant 
(RBDG). This program provides grants of $10,000 up to $500,000 for rural projects in areas with 
populations of 50,000 or less that help small and emerging businesses, distance learning 
networks, employment related adult education programs, and multiple other activities. Small and 
emerging private businesses must employ 50 or fewer new employees and have less than $1 
million in projected gross revenues (USDA, n.d.). Eligible recipients of the grant include rural 
public bodies, rural private nonprofit corporations, federally recognized Tribal groups, and local 
governmental authorities at the county, city, or township level. Programmatic activities are 
separated into enterprise and opportunity type grant activities (USDA, n.d.). 
Federal Incentives  
In addition to federal programs like REAP, REDA, and RBDG, the growth of DW is largely 
attributed by federal tax credits. The federal Business Energy Investment Tax Credit (ITC) has 
promoted significant development of DW. The ITC was established by the Energy Policy Act of 
2005, to provide solar energy, fuel cells, and microturbines up to 30 percent of initial installation 
cost of eligible systems, including solar energy, fuel cells, and microturbines. The Energy 
Improvement and Extension Act of 2008 (H.R. 1424) extended the duration of these tax credits, 
and expanded the credit to include small wind turbines (up to 100 kW), geothermal heat pumps, 
and combined heat and power systems. A $4,000 cap for ITC available to small wind projects 
was removed by the Energy Improvement and Extension Act of 2008, and enabled these projects 
to receive the maximum 30 percent of installation costs. The ITC is available to projects for 
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commercial, industrial, investor-owned utilities, cooperative utilities, and agricultural sectors. 
The credit was most recently amended by The Consolidated Appropriations Act of 2015, which 
extended the ITC expiration date, but established a step-down in the credit value specific to each 
technology. Solar energy technologies have a gradual step down until 2022, when the ITC is 
only worth 10 percent of the installation costs for projects conducted that year, and for future 
years. The ITC was not extended and therefore not available for microturbines or small wind 
projects beginning construction after 2016 (DSIRE, 2017), and is only available as an extension 
of the Renewable Electricity Production Tax Credit, explained below. 
 
Another federal tax credit that has significantly promoted the development of wind projects is the 
federal Renewable Electricity Production Tax Credit (PTC). First enacted by the Energy Policy 
Act of 1992, the PTC has been renewed and expanded multiple times, most recently by the 
Consolidated Appropriations Act, 2016 in December 2015 (DSIRE, 2016b). The PTC is an 
inflation-adjusted per kWh tax credit for electricity generated by qualified energy resources 
during the first ten years of service. The inflation-adjusted PTC amount for projects commencing 
construction prior to December 31, 2016, was $0.023/kWh for wind projects that have not 
claimed the ITC. The tax credit is phased down for wind facilities and expires for other 
technologies commencing construction after December 31, 2016. The phase-down for wind 
facilities is a percentage reduction in the tax credit amount above. For wind facilities 
commencing construction in 2017, the PTC is reduced by 20% to 0.0184/kWh; projects 
commencing construction in 2018 reduces the PTC by 40% and projects commencing 
construction in 2019 reduces the PTC by 60%, with no further extension on the PTC after 2019. 
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Additionally, wind facilities commencing construction prior to 2020 may elect to claim the 30 
percent ITC in lieu of the PTC. The ITC will still be reduced by the same phase-down specified 
above for projects commencing construction in either 2017, 2018, or 2019 (DSIRE, 2016b). To 
be eligible for the PTC, electricity must be sold from the wind project to a third party. As a 
result, most DW projects are not eligible; however under the right conditions some larger scale 
DW projects are structured such that the electricity can be sold from an independent power 
producer to the end user generated from an on-site wind turbine. 
 
A final tax incentive for wind projects is offered as a corporate depreciation, allowing businesses 
to recover investments in certain property through depreciation deductions, including small wind 
projects and microturbines. This corporate depreciation is called Modified Accelerated Cost-
Recovery System (MACRS), and is offered over a five-year period (DSIRE, 2016c). MACRS 
was commenced in January, 1986 creating the five-year depreciation schedule for solar, 
geothermal, and wind property. The federal Energy Policy Act of 2005 classified fuel cells, 
microturbines, and solar hybrid lighting technologies as five-year property. Geothermal, 
combined heat and power, and small wind were added to the section by an expansion in The 
Energy Improvement and Extension Act of 2008. The federal Economic Stimulus Act of 2008 
included a 50 percent first-year bonus depreciation provision for eligible renewable-energy 
systems acquired and placed in service in 2008. This 50 percent bonus first-year depreciation 
provision has been extended through 2017, with a phase-down similar to the PTC for future 
years. Equipment placed in service during 2018 can qualify for a 40 percent bonus depreciation, 




State Funding  
Potential funding sources for DW projects are also available at the state level in Virginia. The 
Virginia Department of Mines, Minerals, and Energy created the VirginiaSAVES Green 
Community Program to provide low cost financing to private commercial and industrial, non-
profit institutional and local governments to fund a wind range of energy efficiency and 
renewable energy projects in the State. The program is funded through Qualified Energy 
Conservation Bonds, authorized in 2014 by Governor McAuliffe through his executive order 
(DSIRE, 2015a). The program had a working budget of $20 million during Fiscal Year 2015, and 
offers loans from $500,000 to $5 million. The program is administered by CleanSource Capital, 
LLC under the guidance of Virginia DMME (DSIRE, 2015a). 
 
While the Commonwealth of Virginia has addressed the changing energy economy in its 2014 
Energy Plan and subsequent 2016 update to the 2014 Virginia Energy Plan, there has been 
minimal efforts historically to promote wind energy development in the state. In 2007, Virginia 
enacted a voluntary Renewable Portfolio Standard (RPS), with the goal of meeting 15 percent of 
the base year (2007) sales with renewable energy sources by 2025 (DSIRE, 2015b). This RPS 
applies to all investor-owned utilities operating within the state, and requires them to report 
annually by November 1. Virginia is comprised of five investor-owned utilities, which are 
Virginia Power, Appalachian Power Company, Potomac Edison, Delmarva Power & Light 
Company, and Kentucky Utilities (VA SCC, 2007). This RPS is voluntary, and therefore IOUs in 
the state are not held accountable via fines or other penalties for failure to meet the goals set in 
the RPS. Other states, like New York, have enacted mandatory RPS to improve energy security 
and promote diversification of energy generation sources within the state. New York enacted its 
RPS in 2004 to increase renewable energy used in the state from 19 percent to 25 percent by 
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2013 (NY DPS, 2016). To support this program, the state implemented a significant rebate 
program to provide funds for renewable energy development. As of 2015, the number of states 
with RPS has increased to 37, further helping to improve the environment for DW development 
(U.S. EPA, 2015). 
Third Party Sources  
In addition to government incentives and policy directly promoting wind energy development, 
the private sector has significantly increased wind energy installed capacity through capital 
investments and power purchase agreements. Due to the high capital costs of a wind project, 
outside financing assistance is necessary for a majority of DW projects. Potential financing 
avenues available for wind projects are sourced from third-parties including banks as well as 
other private financial entities. A third-party financing model removes some of the key economic 
risks associated with project development for customers, allowing them to have a wind project 
installed on their property. Instead, the customer pays the third-party financing entity a fixed 
amount monthly over a certain term through a loan agreement. By using this model, economic 
risks such as wind resource and performance uncertainty, reliability risks, and high capital costs 
for installation are shifted from the customer to the third party leasing company (Windustry, 
n.d.a). 
 
A leader in this financing model is United Wind, a New York based company; they successfully 
financed 67 projects in 2014 and 2015. United Wind offers its customers a 20-year lease 
agreement allowing United Wind to install and maintain the turbine on the customer’s property 
(Chilson, 2016). This company is working to stimulate the distributed wind market in 
Midwestern states, primarily Kansas, in order to help landowners finance their wind energy 
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projects. The initial success of United Wind demonstrates the success of the third-party leasing 
model for instigating the growth of DW projects across the nation. 
 
Another highly successful third-party financial model is the power purchase agreement (PPA). A 
PPA is a contract between an electric producer and an electric customer, or off-taker, to buy the 
electricity generated by a specific power plant, in this case a wind project (Windustry, n.d.b). 
These agreements are critical to project development by securing a long-term revenue stream 
through the energy produced by the wind project. A PPA is negotiated and agreed upon for terms 
including term of agreement, sale and energy purchase price, curtailment, and potential credits 
produced by the wind project. Power purchase agreements are used mainly for large amounts of 
energy by investor-owned utilities, municipal and rural electric cooperative utilities, or in some 
cases retail customers with consistent, high energy demands. Recently, this financial model has 
been implemented successfully for DW projects. For example, One Energy LLC installed 7.5 
MW of wind capacity to offset the power consumption of nearby Ball Corporation and 
Whirlpool Corporation facilities in Ohio (U.S. DOE, 2016b). Another company identified in the 
2015 Distributed Wind Market Report to successfully build, own, and operate on-site wind 
turbines and sell the power to customers through power purchase agreements is Foundation 
Windpower (U.S. DOE, 2016b). 
Examples 
Some states, like Iowa, which have favorable state policies and incentives for wind, have grown 
a robust and thriving distributed wind industry by taking advantage of the federal USDA REAP 
loans and grants.  According to the USDA (2012), a total of $40,998,646 in REAP funding was 
used between Fiscal Year 2009 through Fiscal Year 2011 to support 96 wind projects throughout 
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Iowa. Currently, Iowa has the highest electricity generation from wind, with 31.3 percent of the 
state’s net electricity generation coming from wind in 2015. Additionally, the state has the 
second highest total wind capacity in the U.S. at 6,2019 MW. In 2015, Iowa had the fourth 
highest annual installed capacity at 524 MW (U.S. DOE, 2016c).  
 
According to DWEA (2012), with the seventh highest ranking by state in wind resource, Iowa is 
suitable for distributed wind applications, with the fifth largest total DW installed capacity. The 
success of distributed wind and utility scale wind in Iowa can be attributed to the state’s 
renewable energy portfolio, tax incentives for wind energy development, strategic use of REAP 
funding, and strong connections with Iowa State University, Iowa Farm Bureau, Iowa Area 
Development Group, and the Iowa Economic Development Authority (DWEA, 2012).  Overall, 
the history and growth of DW in Iowa may prove to be a valuable case study for the state of 
Virginia, as the Commonwealth looks to stimulate the wind industry and produce 25 percent of 












Bradford Bay Farms 
Bradford Bay Farms is a fish hatchery located in Quinby, Virginia, along the eastern shore. The 
location of the farm is shown in Figure 17. 
 
 
Figure 17. The layout of Bradford Bay Farms taken from Google maps, 34247 Bradfords Neck Rd, Quinby, VA 
23423 (Google, A.).  
 
The aquaculture center started with Dr. Clarke Morton’s vision of being able to provide 
sustainable, mercury and chemical free, high quality sea bass. Currently, the site utilizes solar 






Figure 18. Solar panels mounted on the roof of Bradford Bay’s main facility (Bradford Bay Farms. (n.d.). 
 
The sea bass grow in seawater, this water is taken from Bradford Bay through irrigation pumps. 
A visual of these pumps is provided in Figure 19. 
 
 
Figure 19. Visual of Bradford Bay’s irrigation pump system (Bradford Bay Farms, n.d.). 
 
Water is pumped in from the bay, is filtered through a decontamination system and settles in an 
on-site retention pond until it is needed in the hatchery.  
 
BBF is in the process of creating a more sustainable enterprise through energy efficiency and 
insulation projects headed by the site’s manager Chris Bently. The large fish growing tanks 
consume large amounts of power and are required to run consistently in order to maintain 
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constant temperatures. High energy loads coupled with a desire to become carbon neutral drove 
BBF to seek support in the acquiring of additional renewable energy systems.  
 
Previous efforts determined that wind is a viable source of energy at the location. However 
higher rated turbines, which typically require a 3-phase electrical connection, would not be 
applicable to the site due to the 2-phase nature of the current system. Upgrading this system 
would require extensive capital and would not be applicable to other funding streams through the 
USDA because of the lack of community benefits. Funding sources applicable to the project 
include the Rural Energy for America Program.  
 
Since the beginning of the enterprise, BBF has focused on growing sustainable, antibiotic and 
growth hormone free sea bass. The massive tanks housing the fish were the greatest source of 
energy consumption. However due to high capital investments needed to expand the operation 
BBF has concentrated their efforts in the ornamental fish portion of the business. In this effort, 
the individuals at BBF focus on breeding and hatching ornamental fish and serving as a fish 
provider for pet supply stores across the country. Focusing on this will generate the funds to 
expand the sea bass side of the operation. Growing ornamental fish requires significantly less 
space and energy when compared to the growing of sea bass. Understanding the benefits, as well 
as how to construct energy efficient rooms, Bently has reduced the overall energy load of the 
ornamental fish hatchery. Their energy usage is predicted to decrease as the sea bass hatchery 






Previous efforts used data collected to confirm the validity of the wind resource at BBF. The 
CWE installed a meteorological tower on site to determine the validity of the wind resource at 
the location. 3.6 years’ worth of data was taken from 1/26/2009 to 8/22/2012 at 10 minute 
intervals. The CWE produced the following graphs which include a monthly average wind speed 
profile for the location and a wind resource map to support the claim.  
 
 
Figures 20 and 21. Graph developed by the Center for Wind Energy displaying mean wind speeds at BBF (Wind 





Current Energy Use 
The energy load required to power all of the facilities on the property is high, due to the 
consistency at which the pumps and temperature regulators are required to run. The energy bills 
for the property are separated by energy use; the four areas are the fish hatchery, yellow house, 
mobile home and irrigation pumps. The fish hatchery, the base of operations consumes the 
largest amount of power, using approximately 20343 kilowatt hours per month. BBF has a small 
house on the property that is occupied staff members, this structure was recently completed. It 
was drawing power from the grid for 4 months out of the past year, rendering lower power usage 
averages. A mobile home serves as office space for staff members, power usage declined over 
the course of the observed year due to lack of spatial use and transfer of office space to the 
yellow house and the hatchery structure. Bradford Bay uses irrigation pumps to pump salt water 
to an onsite retention pond. This water is used in the sea bass hatchery.  
 
Energy usage numerics were provided by the energy supplier, A&N Electric Cooperative. A&N 
charged BBF by energy use area, yielding four separate bills and four separate but similar billing 
periods. The period observed is the most recent complete year of data, February 26, 2016 to 
February 27, 2017. Due to separation in billing, slight differences in billing periods were 
observed. These differences were ignored to ease the analysis process. The total monthly energy 





Figure 22. Graph demonstrating the fluctuating total energy use a Bradford Bay Farms for one calendar year. 
 
This monthly energy usage is broken down by area in Figure 23.  
 
 




As shown in Figure 23 the fish hatchery consumes the largest percentage of the energy for the 
property. From the calendar year observed, the fish hatchery consumed 244,115 kWh averaging 
approximately 20,343 kWh per month. The mobile home consumed 5904 kWh for the year, 
averaging 492 kWh per month. The irrigation pumps consumed the least amount of energy 
throughout the observed year, consuming approximately 2073 kWh for the year, averaging 173 
kWh per month. The yellow house consumed approximately 27,293 kWh during its four month 
of operation, November of 2016 through February of 2017. A table showing monthly energy use 
broken down by usage area is provided in Appendix C.  
 
The total energy bill for each calendar month is shown in Figure 24. 
 
 
Figure 24. Graph showing the monthly energy bill in US dollars per calendar month.  
 
The average total energy bill for BBF is approximately $2,200. For the calendar year analyzed, 




Bradford Bay Farms is an excellent candidate for on-site renewable energy installation due to 
their consistently high energy consumption and bills. The consistency at which the hatchery 
consumes energy is supported by the facility’s load factor. Load factor is the ratio between the 
average load and the peak load. Higher load factors indicate a consistently high electricity 
consumption. Yearly load factors for the hatchery are shown in Figure 25. 
 
Figure 25. Graph demonstrating monthly hatchery load factors. The average load factor for the observed year is 
0.675.  
 
A renewable system would increase the sustainability of the facility as well as decrease 
electricity bills.  
Funding  
The Rural Energy for America Program through the USDA is the main federal incentive program 
that this project will attempt to work with. Additionally, the CWE is in the process of securing 
funding through DMME. Literature shared with DMME regarding the site to increase the appeal 
of the project is shown in Appendix B. Additional tax credits are available and are highlighted in 





Various wind turbine configurations were used during an economic analysis to determine the 
validity of the project and potential payback period on the installed capacity. System Advisor 
Model or SAM was used to determine wind turbine power output at BBF. This portion of the 
analysis was completed to dictate a system that would provide maximum power that was under 
$200,000. The desired system is to be under this amount to limit the complexity of the REAP 
funding application. Projects that request amounts larger than $200,000 require a technical report 
completed by a third party to be turned in with the more extensive application. It was the goal of 
the site owner and the individuals assisting this project that the complexity be maintained at a 
low level.  
 
Incentives applicable to the project include REAP funding and various forms of tax incentives. 
REAP provides a loan guarantee for up to 75% of total project costs as well as grants to fund up 
to 25% of total project costs (USDA, Rural Energy for America Program Renewable Energy 
Systems, n.d.). Additional applicable incentives include a 30% corporate tax credit for solar 
systems projects that begin before the end of the 2019 calendar year (DOE, Business Energy 
Investment Tax Credit, n.d.). No corporate tax credits are offered for installed wind capacity. A 
production tax credit is applicable to wind systems that begin construction after December 31, 
2016 for the first 10 years of system. The original credit of $0.023/kWh is reduced by 40% for 
projects that begin construction during the 2018 calendar year (Lips et.al, 2016), resulting in a 
$0.0138/kWh credit. This production tax credit no longer applies to solar systems. A Virginia 
state commercial solar property tax exemption is applicable to solar systems equal or less than 20 
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MW that submit an interconnection request prior to December 31, 2018 for the full value of the 
equipment and the facility (Shrestha, 2016). While these incentives are applicable to the project, 
they were not used in the payback period analysis and thus the numbers provided in the analysis 
regarding payback periods are approximate values.  
 
Monthly energy loads for the period analyzed were used during the analysis. The cost of 
electricity is used in the payback period is an average value of peak and nonpeak electrical rates. 
Wind resource used in the analysis comes from a nearby meteorological tower and does not use 
the data taken from the site. A Weibull distribution numeric of 2.41 as determined by the 
meteorological data analysis by the CWE and is site specific (Wind Turbine Siting for 
Residential and Distributed Wind Projects in Virginia, n.d.).  
Turbine Options 
In addition to the financial parameters listed above, possible turbines were also required to 
operate on a single phase power connection. Based off of these parameters four turbines resulted 
as likely candidates. The three turbines examined include Eocycle, Gaia Wind and Future Energy 
Airforce10 wind turbines. A detailed analysis reduction is shown in tables provided in Appendix 
D. A synthesis of the data from the four wind turbines is shown below in Table 1. 
Table 1. Analysis reduction from the four turbine suggestions. Energy produced over the system lifetime is based on 
the average life of a wind turbine, 25 years. Payback periods do not include tax credits or incentives. Payback 




Monthly energy consumption and predicted production output from the four turbines analyzed is 
shown below in Figure 26. 
 
 
Figure 26. Graph demonstrating the relationship between current monthly energy consumption and predicted 
energy production from SAM for the four turbines analyzed. 
 
The rough analysis completed is promising. The payback periods without REAP funding are low 
enough to be acceptable, the payback periods determined with REAP funding are ideal. These 
payback periods do not include tax credits or incentives and is predicated upon their addition to 
the analysis the payback period would decrease further. Payback periods listed with REAP 
funding assume an optimistic 25% grant from the USDA, where the USDA would provide 
funding to purchase and install the turbine. These periods do not account for loan rates or 
maintenance costs associated with turbine upkeep. The system costs include predicted 
installation rates as provided by SAM, the system cost per turbine may change based on the 
contractor associated with the project. The energy produced over the lifetime of the system used 
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25 years as the average turbine lifespan. This analysis assumes that the energy produced over the 
lifetime of the system will be consistent with the predicted energy output for year 1 as provided 
by SAM. It also assumes that BBF’s energy consumption will remain constant over the life of 
the turbine. 
 
Turbines with ratings greater than 35 kW cost more than $200,000 therefore were eliminated 
from analysis. Other smaller rated turbines did not yield a desirable payback period or were not 
available with a single phase connection.  
Recommendations 
Due to the consistency by which Bradford Bay Farms uses energy and the available grant options 
for a potential project, wind turbine installation is highly recommended. The site also has access 
to a consistent wind resource, averaging 7.49 m/s at 50.4 m (Wind Turbine Siting for Residential 
and Distributed Wind Projects in Virginia, n.d.). Despite intelligibility with higher rated turbines 
due to connection limitations, the three turbines highlighted during the analysis have the 
potential to provide large amounts of energy with reasonable payback periods. Based off of this 
simple payback period analysis, the Gaia Wind 11.79 kW turbine is the only turbine that would 
provide a desirable payback period. With REAP funding, the Eocycle EO25/12 model provides 







Fancy Gap Elementary School 
Fancy Gap Elementary School is located in Carroll County, Virginia which is in the southwest 
part of the state. Carroll County is a very rural community with a total population of 29,724 
(Carroll County, 2017). The location of the County within the state and the location of Fancy 
Gap Elementary School within Carroll County can be seen below in Figure 27. 
  
 
Figure 27. The collection of maps above was created by Phil Sturm at the Virginia Center for Wind Energy. It helps 
to understand the position of the site within the state. 
 
The primary point of contact for this site is Dr. Strader Blankenship. Dr. Blankenship is the 
superintendent of Carroll County Public Schools and was the initial applicant during the previous 
portion of this project.  He has stayed with the project over the course of the past two years and 
has continually provided support and resources to further the progress for Fancy Gap. Some of 
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the goals that he outlined when this process all began include providing alternative or green 
energy to the school, providing an educational tool for students K-12 and the community, and 
modeling new technologies that are sure to become prominent in the future.  
 
Unlike the large majority of the state of Virginia, the main energy authority in Carroll County is 
Appalachian Power Company. The school's energy needs are met through the electricity 
provided to them by APCO. Additionally, the school has a coal burning boiler system in the 
basement in order to meet the heating needs during the colder months. The goals of this project 
at Fancy Gap Elementary School are as previously stated. Ideally, when communication between 
student groups and Dr. Blankenship comes to an end, there will be a wind turbine in the ground 
which will provide clean energy, an incredibly valuable educational tool, and an example of the 
rising technologies for all to see. An added goal of this project is to find an alternative method of 
heating so that the direct use of coal can be eliminated.  
Wind Resource 
The location of the school makes it a prime candidate for a wind turbine. Fancy Gap Elementary 
School is located on the top of a hill where there is very limited tree cover. As it can be seen in 
Figure 27, above, the school is located in the most southern portion of the state just north of the 
Blue Ridge Parkway.  
 
Based off of an analysis by the Center for Wind Energy, at an elevation of 50 meters, the average 
wind speed is 5.61 m/s. This information came from a meteorological tower set up about 5 miles 
southeast of the school.  The map below, in Figure 28 shows the wind speed distribution at the 
school and throughout the surrounding area. Looking at the key, it can be seen that the wind 
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resource at Fancy Gap is one of the best in the area. This is because of the high elevation and the 
lack of trees or other structures that could potentially degrade the wind resource.  
 
 
Figure 28. The map above was produced by Phil Sturm at the Virginia Center for Wind Energy using data from a 
meteorological tower southeast of the site. 
 
Generally, turbines for educational purposes tend to be on the smaller scale but, because of the 
quality of the wind resource at this site, they will be able to support a turbine that will produce a 
significant amount of energy.  
Current Energy Use 
There are currently two different sources of energy being used at Fancy Gap Elementary School. 
The first and main source of energy is the electricity that is provided by Appalachian Power 
Company. A full year of data was provided by the school and the monthly metered usage in 





Figure 29. The graph above shows the monthly metered electricity use at Fancy Gap Elementary School. 
 
The average monthly metered usage for Fancy Gap Elementary School is approximately 30,055 
kWh with a maximum of 35,600 kWh occurring from 8/17 to 9/16 and a minimum of 25,840 
kWh occurring from 6/17 to 7/19. The peak of energy usage for each month was also provided. 
The average monthly peak was found to be 142.28 kW. Figure 27, below, shows the monthly 




Figure 30. The graph above shows the monthly peak energy usage at Fancy Gap Elementary School. 
 
A comparison between the two factors of energy usage can be seen below, in Figure 31. It should 
be noted that there is a clear decrease in both factors of electricity use during the summer months 






Figure 31. The graph above shows the relationship between monthly metered usage and monthly energy peaks at 
Fancy Gap Elementary School. 
 
As it was previously mentioned, Fancy Gap Elementary School falls within the service area of 
Appalachian Power Company. According to the APCO website, “Residential customers of 
Appalachian Power in Virginia pay approximately 11.4 cents per kilowatt-hour (kWh) for 
electricity” (News About Rates, n.d.). With this price, Fancy Gap pays an average of $3,189.83 
per month for electricity with an approximate annual total of $38,367.18.  
 
In addition to the electricity used by Fancy Gap, they have a coal burning boiler system in the 
basement of the school that meets all of the school's heating needs. Based on the data that was 
provided, during an average year of operation, coal was purchased four times, on February 1st, 
November 8th, December 13th, and January 25th. In one year, the school burned 58.63 tons of 
coal which cost them $8,208.20. The combined annual energy cost at Fancy Gap Elementary 




With the goals of this project in mind, it should be noted that the boiler is a very old system and 
the time is approaching for it to be replaced. This is where geothermal energy becomes 
important. Ideally, a ground coupled heat pump could be installed in addition to a wind turbine in 
order to meet the school's heating needs and do away with the direct burning of fossil fuels. In 
the coming sections of this report, an in depth cost benefit analysis will be done for both a wind 
turbine at the site and a ground coupled heat pump to replace the boiler. 
Analysis 
In order to begin the cost benefit analysis for this site, the data from the electricity and coal bills 
provided were entered into Excel. Table 2, below, shows the data that was gathered and 
compiled from the energy use of the site.  
 




In order to make it an even year of data for annual consumption calculations, the first row of data 
(from 12/18/2015 to 1/20/2016) was eliminated.  
 
The feasibility of the ground coupled heat pump was the first technology that was examined. The 
first step in this cost benefit analysis was to determine the heating load of the school which was 
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done using data about the amount of coal purchased in a year. In order to determine heating load, 
two assumptions had to be made. The first assumption made was that the boiler possesses an 
efficiency of 80%. This assumption was made based off of the age of the boiler which is greater 
than 20 years old. Mid-range efficiency was assumed and according to Energy.gov the numerical 
value of a mid-range efficiency is approximately 80% (Furnaces and Boilers, n.d.). The second 
assumption that was made was in regards to the heating value of the coal being burned. The 
heating value used in this calculation was for coal categorized as “High-volatile Bituminous A” 
with a numerical value of 13,090 BTU/lb (Standard Grade Coal, n.d.).  
 
In order to calculate the heating load required by Fancy Gap Elementary School, the following 
equation was used: 
 
Based on the assumptions that were previously stated and the knowledge that the school 
purchased and consumed 58.63 tons of coal in the calendar year that was analyzed, it was 
determined that the heating load at Fancy Gap Elementary School is 140,561.67 BTU/hr. Using 
the heating load, the next step in analyzing a ground coupled heat pump is to determine the size 
of the unit that would be needed.  
 
In determining the necessary capacity of a geothermal system, it should be noted that 12,000 
BTU/hr equates to 1-ton of capacity (4-Step Guide, 2016). Using this information and the 
previously calculated heating load, it was determined that a 12-ton system would be needed in 
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order to meet all of the heating needs of Fancy Gap. The heating load was rounded to 144,000 
BTU/hr so there will be room for annual fluctuation. In order to provide a rough cost estimate of 
a system this size and the subsequent simple payback period, the average installed cost for a 
home was used and scaled up to meet the needs of the school. The system that was used for this 
was a “Geothermal/Horizontal Loop- 5 ton Heat/Cool Radiant” (System Pricing, n.d.). When 
installing systems, there is the option between horizontal or vertical loops with horizontal being 
the more cost effective option. With the location of the school, it is practical to install the loops 
horizontally because it is able to be done and it will save them money. Figure 32, below, 
represents what an installed horizontal loop system would look like.  
 
 
Figure 32. The figure above, taken from ‘http://www.iowageothermal.org/’, illustrated a horizontal loop geothermal 
system. 
 
Based on the average cost for parts and installation for the 5-ton system, $29,500 (System 
Pricing, n.d.), a 12-ton horizontal ground-coupled heat pump would cost around $70,800. This is 




The last steps required before calculating the simple payback period of the 12-ton ground-
coupled heat pump include calculating the annual operating hours (AOH) and the electricity 
required to run the heat pump. To determine the AOH for Fancy Gap Elementary School, it was 
assumed that they would use the heating capabilities of the heat pump for approximately 5 
months out of the year. It was also assumed that they would run the heat for about 8 hours each 
day during those 5 months. Using those two assumptions, the AOH was calculated to be 1,200 
hrs. The calculation can be seen below in Equation 3. After calculating the AOH, that value can 
be used in calculating the electricity required for running the pump. Then last assumption that 
has to be made is about the SEER of a horizontal loop, geothermal system with the ability for 
radiant heating and cooling. Based off of general knowledge and SEER values typical to 
different systems, and SEER value of 20 was assumed for this project.  
 
The calculation of AOH and annual required electricity can be seen in the equations below: 
 
Based on the equations above, it can be seen that the kilowatt-hours of electricity required to run 
the geothermal heat pump with an SEER of 20 for 1,200 hours, meeting the previously 
calculated heating load, is 8,433.66 kWh. Using that number and the APCO rate of 11.4 
cents/kWh, it was determined that the annual cost to run the heat pump would be about $961.44 




Using the previously calculated annual electricity cost, annual savings can be calculated. The 
annual cost of coal was $8,208.20. So with that known, the annual savings by switching to the 
geothermal system is $7,246.76 per year.  
 




Based on the cost benefit analysis that was performed, a ground coupled heat pump with a 12-ton 
capacity and a horizontal loop system would require an initial investment of around $70,800 
without any type of tax credits or federal loan assistance and would have a payback period of 
about 10 years.  
 
The next technology, and really the main reason that this project exists, is the wind turbine that 
could be installed at Fancy Gap. Based off of their wind resource, a higher rated turbine could be 
installed at the site. The turbine that will be analyzed is the Northwind 100 kW turbine produced 





Figure 33. The image above depicts a Northwind 100 kW Turbine (or NPS 100 C) by Northern Power Systems. 
(Hybrid XT measurements help maximize the performance of 300 Northern Power Systems wind turbines. (n.d.). 
 
A cost benefit analysis was done for this technology using the software called ‘System Advisory 
Model’ or SAM. The first step to determining a simple payback period for the turbine was to 
determine how much energy the turbine would be able to produce. The site lacks sufficient wind 
data for modeling so an annual average wind speed was used in order to estimate the monthly 
power production making this analysis an incredibly rough estimate.  
 
Below is a screenshot of the SAM model after all of the data and rates were entered and the 




Figure 34. The image above is a screenshot of the completed simulation in the SAM model. 
 
In order to produce the value for monthly energy production in kilowatt-hours, an annual average 
wind speed was entered into the SAM model with a value of 5.61 m/s. Using the monthly energy 
production data produced by SAM and the average electricity rate provided by APCO of 11.4 
cents/kWh (News About Rates, n.d.), the following table of data was produced.  
 
Table 3. The table below contains the metered usage and electricity cost at Fancy Gap Elementary School before 




As seen in Table 3, above, the monthly power produced by the turbine significantly offsets the 
monthly net metered usage (kWh). Before the turbine, the annual electricity bill was $38,367.18 
and with the turbine, the annual electricity bill would be reduced to $16,475.37. This change 
would create an annual savings of $21,891.81. 
 
With a capital cost of $576,000 for the Northwind 100 kW turbine and an annual projected 
savings of $21,891.81, the estimated simple payback period would be 26.31 years. This 
calculation can be found in Equation 9, above.  
Funding 
Multiple different avenues of funding were looked into for this site. Two of the main options of 
funding that were investigated were the Rural Energy for America Program (REAP) and the 
Rural Business Development Grant (RBDG) from the United States Department of Agriculture 
(USDA). However, it was decided that the school was not eligible for either of those programs. 
Wind for Schools is a program through WINDExchange by the U.S. Department of Energy. This 
program is incredibly effective at disseminating information about wind resources, educational 
programs, and funding options (Funding School, n.d.). Another, more viable option for funding 
is third party financing. Many companies exist that will cover the upfront installation and 
maintenance for people or companies looking to install wind power in exchange for the signing 
of a lease agreement.  
Recommendations 
Fancy Gap Elementary School is an excellent location to implement multiple different renewable 
energy technologies. Based off of the rough cost benefit analysis performed on the ground 
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coupled heat pump, this technology would be an excellent technology to implement at the 
school. With a relatively low initial investment and a simple payback period of less than 10 
years, it is the most logical thing for the school to exchange their old coal burning boiler system 
for a new and modern geothermal system. The cost benefit analysis performed on this 
technology did not take federal incentives or tax credits into account. A more accurate analysis 
could be done and would most likely result in a shorter payback period.  
 
It is also recommended that the school have a meteorological tower installed in order to monitor 
the wind speeds of up to 3 years before installing a turbine. The site is promising and based off 
of a rough wind data analysis, has the ability to support a large scale distributed wind project on 
the order of 100 kW. The cost benefit analysis performed for the Northern Power Systems 
Northwind 100 kW turbine resulted in a simple payback period of 23.6 years. This payback 
period was performed without taking federal incentives, grants, or tax credits into account and 












Prince William County Landfill 
Prince William County Landfill (PWCLF) is a municipal solid waste management facility 
located in Prince William County off of Virginia-234, a interconnect between I-66 and I-95. 
Located in the Northern part of Virginia outside of Washington D.C, Prince William County has 
a population of 455,210 (Population Estimates, 2015). The location of the County within the 
state and the location of the landfill within Prince William County can be seen in the site 
overview in Figure 35.  
 
 
Figure 35. Site overview for PWCLF.  
 
The Department of Public Works operates the approximately 1000-acre Sanitary Landfill, which 
receives about 1000 tons per day of refuse (Government, n.d). Throughout the project, the 
primary point of contact for interactions on site and further facilitation has been Thomas Smith. 
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Thomas Smith is the chief of solid waste management division for the PWCLF and was the 
initial applicant during the previous portion of the project. 
 
Another highly involved point of contact for the PWCLF is Neil Peters, a Senior Vice President 
of Arm Group Inc. Arm Group is an earth resource engineering and consulting firm that 
performed a wind resource feasibility study on the PWCLF. Wind speed data for the feasibility 
study was collected with an on-site anemometer between March of 2009 and December of 2012. 
However, in a memo from Arm group, it was found that the data collected was not suitable for 
correlation to long term datasets; therefore, long term variation in the wind climate over several 
years could create differences between the actual site conditions and the modeled wind 
distribution (ARM Group Inc., personal communication, October 23, 2015). 
 
The site is unique in that it is in a much more densely populated county than the other sites 
within the scope of the project. This makes the site an excellent platform for education and 
outreach and will be further discussed in this chapter.  
Wind Resource 
The average annual wind speeds for varying hub heights at the PWCLF are: 
• 20 m: 3.32 m/s 
• 34 m: 3.83 m/s 
• 50 m: 4.26 m/s 
• 80 m: 4.80 m/s 
	
 89	
While these wind resources are not as plentiful compared to the other sites, the proposed turbine 
location is at a significant elevation above the tree line. Figure 36 below shows the distributed 
wind speeds for the site and the surrounding area through an analysis completed by the CWE.  
 
 
Figure 36. The map above was produced by Phil Sturm at the Virginia Center for Wind Energy using AWS 
Truepower ARC GIS datasets. 
 
As seen by the wind speed color key, much of the average annual wind speeds for the PWCLF 
and the surrounding are uniform for a hub height of 34 meters at the range of 3.75- 4.00 m/s. 
This may be due to lack of reliable wind speed data being available for the site, as the nearest 
data available to correlate with long term data sets is 31 miles Northwest of the site from a 20 








Unfortunately, this site is not eligible for the Rural Energy for America Program through the 
USDA due to the nature of the landfill not being a rural or agricultural business. However, 
because the landfill is operated by the Prince William County Public Works Department, there 
may be available funds through that budget. There has also been some interest through Dominion 
as a potential 3rd party investor in regards to renewable projects. Other parties such as local 
schools and the county school board may also be involved with future funding options. 
Additional tax credits are described in Chapter 3 of this report. 
Analysis 
Unlike the other sites, the original purpose of a DW system at this site was not for electricity 
generation due the lack of adequate wind resources. However, as stated before, this site offers an 
excellent platform for education and outreach. The PWCLF already has plans for an eco-park 
with various concepts already taking a hold such as: 
• Trail Creation to the newest high school in the county, Colgan High School. 
• A wetlands creation project responsible for five acres of new wetlands and 3,800 ft of 
new stream channel coinciding with involvement with George Mason University. 
• A landfill gas to energy program with over 100 methane extraction wells, generating a 
total of 6.7 MW of energy. 
• A waste conversion project, to process and/or sort solid waste into various useable 
components such as recyclables, organics, plastics, and residues. 
• Groundwater and surface water quality monitoring programs. 





Figure 37: Current Eco-park concepts for the PWCLF (Google Maps, B). 
 
PWCLF also has future eco-park concepts planned for the site such as: 
• An eco-building designed with involvement with Virginia Tech to act as a STEM 
education center. 
• Solar Installations (Prince William County, 2015)  
• A wind turbine installation area. 
These concepts and the respective location of these concepts on site can be seen Figure 38 
which was created in Helioscope (a programmed used to design solar panel layouts) by Phil 





Figure 38: Future Eco-park concepts for the PWCLF.  
 
The proposed turbine location is also visible from VA-234, an interconnect between I-95 and I-
66 serving as a great means of exposure to wind and other forms of renewable energy. The 
location is also at an elevation above the surrounding tree line making it ideal for turbine 
functionality. The view from VA-234 can be seen in Figure 39. 
 
Figure 39. View of the turbine installation area from VA-234 (Google Maps, C). 
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Because this capped section of the landfill is large enough in area, multiple small scale, low-cut 
in wind speed turbines could be deployed as a means of measuring differences in performance at 
varying hub heights with potential online monitoring applications. Some turbines that could 
potentially be implemented are: 
• Skystream 3.7 
• Xzeres 442S$ 
• Pika T701 
• Bergey Excel 1 kW 
These turbines are described in more detail in chapter two of this report. There is also additional 
turbines and specifications (such as capital cost, cut-in wind speeds, available connection types, 
etc.) in Appendix D of this report. 
 
Continuing along the lines of education, there are 16 schools of various age groups within a 15 
minute drive from the site making the planned education center and turbine installation area 
extremely accessible. This can be seen in Figure 40. 
 





Current Energy Use 
While the initial purpose of this project at the PWCLF site was geared towards progressing the 
site as an educational platform, it was recently discovered that the landfill does operate a number 
of condensate pumps as a means of leachate management where traditional submersible pumps 
are not suitable. These pumps provide a small load to which energy generated by a DW system 
could be applied. For this part of the analysis, two bills were obtained from the PWCLF. Each 
bill was for one pump over the course of February, 2017. While the load of each pump was not 
significant, it was found that there was a service fee for each pump of $25.50 making the 
assumed monthly service fee for two pumps $51.00. Negating this service fee could potentially 
make a turbine economical as opposed to strictly an education tool. 
 
To examine the cost of installing a turbine, the System Advisory Model (SAM) was used. Due to 
the availability of the Bergey Excel 1 kW turbine within SAM, it was chosen as the turbine to 
simulate with a capital cost of about $7,108.00. The monthly energy output of the turbine at a 
hub height of 30 meters was also taken from the simulation. This is the maximum available hub 
height for the Bergey Excel 1 kW (1 kW Bergey, n.d). The rest of the analysis was completed in 
Excel as seen in Figure ### taking into account the local utility rates and adjustments, service 




Figure 41. This image shows the analysis for the Bergey Excel 1 kW compiled in Excel. 
 
As seen in Figure 42, the monthly energy produced from a Bergey 1 kW greatly exceeds the 
average monthly electricity use by both pumps, potentially negating the service fee. This 
combined with the savings as a result of the electricity produced from the turbine could produce 




Figure 42. Monthly energy produced from the Bergey Excel 1 kW compared to the average monthly electricity use of 
two condensate pumps. 
 
However, there are some strong assumptions to this analysis. Because the energy demands of the 
condensate pumps vary from month to month, there may need to be some net metering 
negotiations with the local Utility NOVEC to ensure that there is no service fee for months that 
the load is not met. If the service fee is maintained strictly because of the connection type to the 
pumps and there is plans to take this DW system off-grid, then battery and other balance of 
system costs should also be incorporated to perform a more precise and reliable analysis. 
Recommendations 
The location and future Eco-park plans for the PWCLF make the site an excellent tool for 
education and outreach in regards to wind and other renewable energy sources. Not only may the 
site serve as a platform for education, but installing a Bergey Excel 1 kW could prove to be 
economical as well. This DW system could provide onsite energy to small loads such as 
condensate pumps. Moving forward, it would be beneficial to install a meteorological tower on 
the site to obtain more reliable wind data. Obtaining bills for other pumps and on-site loads to a 
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fuller extent could also allow for a more in depth and accurate analysis of the economics of a 
turbine. 
Chesapeake Bay Foundation at Tangier Island 
Chesapeake Bay Foundation’s Port Isobel Island Environmental Education Center is located in 
Tangier, VA. As of the 2010 U.S. The town of Tangier has a population of 727 and is located in 
Accomack County in the Chesapeake Bay (U.S. Census Bureau, 2011). Tangier Island can be 
seen below, in Figure 43. Tangier is made up of three small islands separated by marsh and 
shallow tidal streams. The three regions are known as Port Isobel, Uppards, and the town of 
Tangier. The town is located on the southern portion of the island. Port Isobel is the small 
portion to the east, and the Uppards is the northern portion of the island, which has been 
abandoned due to erosion and sea level rise.  
Figure 43. Aerial view of Tangier Island at an eye altitude of 21249 feet. The town is on the southern portion, Port 
Isobel is the small island to the east, and the northern part is considered the “Uppards”. Reprinted from Google 




According to the U.S. Census Bureau (2011), the town of Tangier is made up of 324 households 
with 234 families. A main feature of the town, as seen in Figure x, is the airstrip along on the 
western coast. Due to Tangier’s isolation at 12 miles from its closest mainland port, Crisfield, 
MD, the only methods of transportation to the island are boats or by airplane. The airstrip is 
owned and operated by the town, is open from dusk to dawn, and is the main source of consumer 
goods for the island. The Courtney Thomas is the only year-round boat to travel from Crisfield, 
MD, across the Tangier Sound to Tangier. 
 
The “Uppards” is a now deserted and uninhabitable portion of the island to the north. At its 
height in the 1930s, Tangier Island was inhabited by approximately 1200 people, the Uppards 
was inhabited by a large portion of the population. This part of the island is a lower elevation 
relative to both the southern town and Port Isobel, and began flooding around that time period 
(Wernick, 2014). As a result, families were forced to relocate to a higher portion of the island or 
to the mainland. 
 
Port Isobel is a private island owned by the Chesapeake Bay Foundation (CBF) used for 
environmental education programs. Located just east of the town, Port Isobel is the southernmost 
point between the Tangier Sound and the Chesapeake Bay Proper. The island was also inhabited 
by Tangier residents, but rising sea levels and erosion forced them to relocate. The island was 
donated to CBF in the 1980s, which then created a recreation education center on the island 
(CBF, 2017a). There are elementary, middle, and high school level educational programs offered 
by CBF aimed at environmental stewardship and sustainability. A ground-level view of CBFs 





Figure 44. Ground-level view of Chesapeake Bay Foundation’s facilities on Port Isobel. Reprinted from Port Isobel 
Environmental Education Center, n.d., retrieved April 2, 2017, from http://www.cbf.org/join-us/education-
programs/field-programs/residential-programs/port-isobel-island 
 
The primary point of contact for this site is Paul Willey, a Director for CBF. Willy Agee was 
formerly the Assistant Director of Education Operations at CBF from 1993-2006, but left to 
pursue other career interests. Willy now works part-time on Port Isobel’s operations, in particular 
facilitation of its educational programs. CBF is a non-profit organization with the sole mission to 
save the Chesapeake Bay, as reflected in its motto, “Save The Bay.” Formed in 1967, CBF 
presently has offices in Washington D.C., Virginia, Maryland, and Pennsylvania, as well as 15 
field centers including Port Isobel (CBF, 2017b). 
 
A separate thesis was conducted as part of one student’s honors requirement. Titled, Feasibility 
Study:  Port Isobel Turbine Deployment, this report provides an extensive analysis into Tangier 
Island and Port Isobel, identifying potential challenges to project development and characterizing 
their risks to wind turbine construction and operation over its lifetime. The thesis identified 
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environmental, socioeconomic, and logistical challenges associated with turbine deployment on 
Port Isobel.  
Wind Resource 
 A meteorological (MET) tower has been in operation on Port Isobel since September 13, 2009, 
as part of ongoing efforts to expand distributed wind generation by the CWE. The MET tower 
collects multiple intensive properties, including wind velocity and direction, air pressure, density 
and temperature at 10-minute time steps at multiple elevations. The site used for the MET tower 
is the proposed turbine site due to its minimal human impacts, ease of access for construction 
purposes, and strong wind resource. A ground-level view of the MET tower on Port Isobel can 
be seen below, in Figure 45. 
 
 




The data logger was most recently uploaded and reformatted during a site visit on January 26, 
2017 at a data recovery rate of 86.37%. This data was imported to Windographer by Phil Sturm 
at the CWE to produce an extended summary report of the data that presented key wind 
properties in tabular and graphical form. According to the extended summary report of Port 
Isobel at Tangier Island as produced by Windographer, the mean temperature pressure and air 
density were determined to be 14.9 °C, 101.2 kPa, and 1.225 kg/m^3, respectively. The monthly 
wind speed profile can be seen below, in Figure 46.  
 
 
Figure 46. Monthly Wind Speed Profile presented for two separate anemometers (A and B) at heights of 30m, 40m, 
and 50m. 
 
 Upon initial review, the uniformity of the wind speed from October to May near approximately 
8 m/s is a viable wind resource for potential turbine deployment. Further analysis of the wind 
data is needed to better characterize the wind resource, including a frequency distribution of 
wind speed at 50 meters and projected energy output calculations for prospective wind turbines. 
As seen in Figure 46 above, the highest average monthly wind speed was collected by monitor A 




In order to characterize the wind profile of Port Isobel, the 50-meter wind speed from 
anemometer A was used. This data was extracted from the master resource file for ease of use 
during analysis. As stated previously, the MET tower has a data recovery rate of approximately 
86%. The data not recovered is lost in transmission to the logger SD card in the bottom of the 
MET tower, and therefore is missing a data transmission for that particular 10-minute time step. 
These periods of transmission failure varied from as short as a single period to as long as 
approximately 2 weeks, and were caused by a variety of reasons. Shorter-term transmission 
failures were largely attributed to electrical failures or minor system glitches, while any failures 
lasting more than a few days usually requires manual feedback into the system to fix. 
 
For the purposes of this site analysis, the time period used was from initial data transmission on 
September 13, 2009 to March 25, 2014. This data period includes a total of 212,472 average 
wind speed values associated with a 10-minute interval. Although the MET tower is still 
commissioned and collecting data, there was an unexpected error in the data collection process, 
rendering the data useless. Large periods of transmission failure were occurring around March, 
2014, until the system began to malfunction. This error would transmit either a 0.29 m/s value 
when transmitting during a time step, or fail to transmit any data. Due to the nature of this error, 
this analysis will only be conducted over a 4.5-year period, from MET tower commissioning in 
September 2009 to the end of the day on March 25, 2014, the day of the initial transmission 
error. Once the 50-meter wind speed data was isolated, the average 50-meter wind speed was 
determined to be 7.3 m/s. Further analysis will be conducted to produce a wind speed frequency 




The isolated 50-meter wind speed data was used to determine a wind speed frequency 
distribution. A COUNTIF function was used in MicrosoftⓇ Excel to determine the number of 
10-minute intervals were associated with a specific velocity bin. The bins were created for every 
0.5 m/s, up to 40 m/s. A corresponding frequency (%) was determined through further analysis, 
and a histogram was created for the Port Isobel MET tower wind speed data. This wind speed 
distribution can be seen below, in Figure 47.  
.  
Figure 47. Frequency distribution associated to wind speed collected by a MET tower on Port Isobel, from 
September 13, 2009 to March 25, 2014 
 
The wind speed is largely concentrated at lower speeds, with the highest concentration, or mode, 
occurring 5.57% of the time at 6 m/s. The range of wind speeds for 10-minute intervals above a 
3% frequency was determined to be 2.5-10.5 m/s. While higher wind speeds were observed, their 
frequencies were at much lower levels. As explained in Chapter 1, wind speed is the most 
important factor in a wind resource analysis. The cubic nature of the velocity term in the wind 
power equation can significantly increase power output from a small change in wind speed. A 
two-fold increase of the wind speed would produce an eight-fold increase of power output for a 
wind turbine. The average was determined to be 442 W/m^2, which is associated with the Wind 
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Power Class 4, good according to the National Renewable Energy Laboratory Wind Resource 
Assessment Handbook (1997). Wind resource areas designated as Class 4 and above are 
generally considered to be suitable for turbine deployment (U.S. DOE, 1997).  
 
Further statistical analysis was conducted to determine the Weibull distribution of the 10-minute 
average wind speed data. Natural variations in the wind are often not captured by a normal 
histogram analysis. A more accurate approximation of the wind speed distribution is produced by 
a Weibull distribution. The Weibull.Dist function was used in MicrosoftⓇ Excel to determine 
the Weibull distribution frequency at each velocity bin. The total wind power density for the 
Weibull distribution was then set to the previously determined value of 442 W/m^2 with the 
Solver function in MicrosoftⓇ Excel, producing an accurate wind speed distribution model. The 
Weibull distribution for wind speed at Port Isobel can be seen modeled over the normal 





Figure 48. Histograms associated with normal frequency distribution and Weibull distribution functions of wind 
speed collected by a MET tower on Port Isobel from September 13, 2009 to March 25, 2014. 
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Analysis      
Using the isolated 50-meter average wind speeds corresponding with the 212,472 10-minute 
intervals over from September 13, 2009 to March 25, 2014, the power curves for three different 
wind turbines were used to determine potential energy outputs. The power curves were 
downloaded from NREL’s SAM as individual Comma-Separated Values files, which were 
imported to Excel with turbine-specific rated power outputs based on the wind speed. The 
VLOOKUP function was used to determine a potential energy output value in Kilowatt-Hours 
(kWh) for each 10-minute average wind speed corresponding to each turbine’s power curve. 
Further analysis for all three turbines was conducted to determine overall potential energy 
production during the collection period, annual energy outputs for full collection years 2010, 
2011, 2012, and 2013, and the average annual energy outputs. 
 
The three turbines used to determine potential energy output were the Northern Power Systems 
Northwind 100C-21 (100 kW), the Endurance Wind E-3120 (50 kW), and Endurance Wind E-
4660 (85 kW). More information on these turbines can be found in Chapter 2, under the Turbines 
for Distributed Application section. 
 
The power curves are produced by the turbine manufacturer according to International 
Electrotechnical Commission (IEC) Code 61400-12-1:2017. The IEC is a non-profit, non-
governmental international standards organization for all electrical related technologies. 
Specifically, IEC Code 61400-12-1:2017 provides a framework for measuring power 
performance characteristics of wind turbines. The standard operating conditions determined by 
the IEC code are an air density of 1.225 kg/m^3, equivalent to 15°C at sea level, with an 
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atmospheric pressure of 101.325 kPa. The average values for these properties determined by the 
MET tower measurements can be seen below, in Table 4. 




These values were determined to be within an acceptable range of the standard operating 
conditions provided by IEC Code 61400-12-1:2017. It is necessary to verify these air properties 
because slight variations can produce significantly different power outputs than the turbine’s 
rated power curve. This verification confirms the accuracy of these rated power curves in 
analysis for potential energy output. A comparative power curve with all three turbine’s rated 




Figure 49.  Frequency distribution associated to wind speed collected by a MET tower on Port Isobel, from 




All three turbines have the same cut-in wind speed of 4 m/s; the Endurance E-4660 and the NPS 
Northwind 100C-21 have a cut-out wind speed of 26 m/s while the Endurance E-3120 has a cut-
out wind speed of approximately 22 m/s. There is slight variation with the scale-up of power 
production among the three curves. Although the Endurance E-4660 has a lower overall power 
rating than the NPS Northwind, it has higher rated power outputs from 4-10 m/s, which is where 
a large majority of the 10-minute averages were according to the wind speed distribution 
produced by Figure 48. The differences in power curves between the three turbines will 
determine the most viable turbine based on the wind resource. 
 
The first turbine analyzed was the Endurance E-3120, which was determined to produce 858 
Megawatt-Hours (MWh) over the collection period of 4.5 years. The largest annual potential 
energy output value was determined to be 215 MWh, which took place in 2013. Average annual 
potential energy output was determined to be 184 MWh. Various energy output values 
corresponding with the Endurance E-3120 can be seen below, in Table 5. 
 
Table 5. Potential energy output values corresponding to the Endurance E-3120, rated 50 kW at 10 m/s. 
 
 
The next turbine analyzed was the Endurance E-4660, which was determined to produce 1239 
MWh over the collection period of 4.5 years. The largest annual potential energy output value 
was determined to be 309 MWh, which took place in 2013. Average annual potential energy 
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output was determined to be 266 MWh. Various energy output values corresponding with the 
Endurance E-3120 can be seen below, in Table 6.  
 
Table 6.  Potential energy output values corresponding to the Endurance E-4660, rated 85 kW at 15 m/s. 
 
 
The final turbine analyzed was the Northern Power Systems Northwind 100C-21, which was 
determined to produce 1160 MWh over the collection period of 4.5 years. The largest annual 
potential energy output value was determined to be 286 MWh, which took place in 2013. 
Average annual potential energy output was determined to be 248 MWh. Various energy output 
values corresponding with the Endurance E-3120 can be seen below, in Table 7. 
 
Table 7. Potential energy output values corresponding to the Northwind 100C-21, rated 100kW at 15 m/s. 
 
The Endurance E-4660 was determined to be the most viable turbine for the site due to its greater 
overall potential energy output and average annual output values, despite having a lower power 
rating than the NPS Northwind 100C-21. Although the NPS Northwind 100C-21 can produce 
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greater power outputs at higher speeds than the E-4660, the wind speed was highly concentrated 
at speeds where the E-4660 has a higher power output rating. The average potential annual 
energy outputs for each turbine can be seen below, in Table 8.   
 
Table 8. Average potential annual energy output (MWh) corresponding to each turbine model analyzed. 
 
 
The speeds at which E-4660 has higher output ratings than Northwind 100C-21, 4 to 10 m/s, 
occurred 56.3% of the time over the duration of the collection period. Wind speeds of 0 to 4 m/s, 
less than all three turbines’ cut-in wind speeds, occurred 28.4% of the time over the collection 
period. This leaves only 15.2% of the collection period for wind speeds at which Northwind 
100C-21 has the greatest power output, above 10 m/s. The higher potential annual energy output 
values for the E-4660 is a result of the large concentration of 10-minute averages with wind 
speed averages corresponding to a higher rated output for the E-4660 compared with the 
Northwind 100C-21. 
Funding 
There are multiple potential funding sources available for this project from various sources, 
including federal tax credits, loan or grant programs, as well as third-party financing models. The 
Virginia Energy Plan of 2014 also identifies renewable energy, in particular distributed 
generation, as vital in the creation of a sustainable energy future for the state (DMME, 2014). As 
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a result, DMME has also expressed interest in promoting distributed generation project 
development through capital investments.  
 
The main financial incentive for this site is REAP, which could potentially be available to any of 
the local fishermen who own registered small businesses in Virginia, and therefore have access 
to REAP funding in the form of a grant or guaranteed low-interest loan. Other federal financial 
incentives include the Renewable Electricity PTC and 5-year MACRS corporate depreciation. 
One potential state incentive to be used is the VirginiaSAVES Green Community Loan Program. 
In addition to these funding opportunities offered by the government, third-party financial 
models are widely used for distributed power generation projects. The third-party finance models 
can either be in the form of a PPA, or leasing agreement. More information on each funding 
source can be found in Chapter 3, Incentives and Policies. 
Recommendations 
Based on an initial wind resource analysis, CBF at Port Isobel is an excellent candidate for 
deployment of a distributed wind system. A consistent wind resource was monitored over the 
course of 4.5 years, providing excellent certification of the resource’s viability. The 50-meter 
average wind speed was determined to be 7.3 m/s, with an average power density of 442 W/m^2 
is correlated with Wind Power Class 4. The Endurance E-4660 turbine was determined to have 
the highest potential energy output despite having a lower power rating than the Northwind 
100C-21. The Endurance E-4660 has higher power outputs at lower wind speeds from 4 to 10 
m/s, which correlates to 56% of the wind resource monitored on Port Isobel from September 13, 




Future development of this site is dependent on energy load data from the town of Tangier, as 
well as for CBF on Port Isobel. The potential energy outputs from various turbines serves no 
purpose without an understanding of the characteristic energy demand. Energy load information 
is required to match a potential turbine with the goal of entirely offsetting the demand of Tangier 
Island. An entire year’s worth of energy load information is required for analysis, while longer 
time frames are key to understanding the historical energy demand of the island. Key properties 
of the energy demand include hourly load data, monthly usage, peak load, and load factor, which 
are all determined through energy load analysis. Proper characterization of the energy load is 
vital to the success of a potential distributed wind application. 
Conclusions 
Future Funding  
The USDA provides numerous funding streams for the promotion of renewable energy 
installation in the United States. Financial assistance is provided to increase American energy 
independence through energy efficiency improvements and renewable energy projects in the 
private sector with one of the overall goals being to lower the price of energy for small 
businesses and agricultural producers. Due to the student and professional work completed 
throughout the duration of this two-year project, as well as that carried out during DWAP, the 
USDA awarded James Madison University’s Center for Wind Energy the REDA Grant for 
$91,350, with a $50,000 cash match from DMME. This grant provides funds to assist small 
businesses in rural areas and agricultural producers in the energy audit process, renewable energy 
site assessments and technical assistance and will allow this project to continue on a larger scale 
(USDA, n.d.). This will be completed by enabling a full time staff member to be dedicated to the 




The REDA grant provides the CWE to continue this project on a larger scale and encourages 
further student involvement through internships led by the CWE. The CWE was awarded 
$91,000 through the Rural Energy Development Assistance grant, the DMME matched $50,000 
to expand the work completed even further. During this time it is the hope that the securement of 
funds and turbine installation will begin.  
Outcomes 
This project’s efforts have driven project development further at each of the four sites; Bradford 
Bay Farms, Fancy Gap Elementary School, Prince William County Landfill, and Chesapeake 
Bay Foundation’s Port Isobel Island Environmental Education Center. Each site has great 
potential for a distributed wind application. Although each site offers its own set of unique 
challenges, there were common project development steps taken to promote DW in Virginia. For 
example, site visits were conducted at each of the four sites throughout the project to continue 
stakeholder engagement initiated previously by DWAP, with BBF and PWCL being visited 
twice. These site visits also offered the initial site assessments, allowing professional CWE staff 
to look at factors such as landscape characteristics, environmental designations, distances from 
dwellings and proximity to interconnection. Sites with MET towers previously commissioned 
on-site had initial wind resource analyses conducted using the data logged over various time 
periods specific to each site. 
 
Another common analysis done was a cost-benefit analysis for turbine deployment using energy 
demand data provided from each site. Due to the complexity of CBF at Port Isobel, potentially 
exporting a majority of the power to the town of Tangier, energy demand data was unable to be 
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collected from over 300 residential and commercial end-user energy loads. An extra cost-benefit 
analysis was conducted on a ground coupled geothermal heat pump to replace a coal burning 
boiler system used for heating at Fancy Gap Elementary School. While this does not necessarily 
promote DW development in Virginia, this does offer a more sustainable solution for the 
school’s heating needs. 
 
This project successfully furthered project development at each of the four sites. The common 
barrier to further development is lack of financial strength or ability to provide capital for a DW 
project. While there are multiple funding sources available to DW projects, as identified and 
discussed in Chapter 3, Funding Mechanisms and Policy, none of these funding avenues have 
been tapped for their resources in the form of federal tax credits, grants or loans, or third-party 
financing. Significant research and effort will be required to secure funding at each site to 
conduct an Environmental Impact Assessment (EIA), complete the proper project permitting, 
and purchase and construct the wind turbine(s). Once project funding has been secured for a site, 
that site will be able to complete the development phase of the project and move into the 
construction and operation phases. 
 
The overall goal of this project is to advance the distributed wind capacity in the state of 
Virginia. This project, as a continuation of the work completed by Kayla Cook and Sydney 
Sumner was successful in furthering the progress of the four sites identified by Cook and 
Sumner. All four sites remain in the pre-planning stages however are in the final stages of 




Challenges   
Similar setbacks were experienced by all four sites. The most prominent setbacks experienced 
were consequences of inconsistent communication with each of the four locations. Lack of 
communication and therefore information prohibited accurate analysis of turbine success at some 
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Appendix B. BBF site overview given to DMME for possible funding opportunities.  
Wind Turbine at Bradford Bay Farms 
Faculty Contact: Jonathan Miles, milesjj@jmu.edu 
Student Contact: Emma Laurens, laurenej@dukes.jmu.edu 
 
·      Site Information: Bradford Bay farms is located in Quinby, Virginia. Quinby has a population of 282 as of 
2010, and is located along the Eastern Shore.   
 
·      Center for Wind Energy consultation: During the previous steps of the application process, a site evaluation was 
done by the Center for Wind Energy at James Madison University. The average wind speeds at the site are higher 
than many other places in Virginia. At 50 meters, the average wind speed is 5.52 m/s and at 80 meters high the 
average wind speed is 6.07 m/s. 
 
·      Funding portfolio: Funding options for this project include: 
-          Rural Business Development Grants through the USDA 
-          Rural Business Enterprise Grant through the USDA 
-          Public and private investor groups in the area 
·      Unique/individual aspects of project: Bradford Bay is a bass and ornamental fish farm. There the potential to 
provide large scale electricity generation (on the order of 50 kW) and interest in installing solar. This area has great 
wind resources and in a rural part of Virginia with limited amounts of renewable energy, providing an opportunity to 
raise awareness in the area. 
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Appendix C: Table 11. Monthly energy data for BBF broken down by usage area, fish 






Appendix D: Data reduction for possible wind turbines at Bradford Bay Farms, Tables 12, 
13 and 14.  
Table 12. Analysis reduction for Future Energy Airforce wind turbine.  
 
 
Table 13. Analysis reduction for Eocycle wind turbine. 
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